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Recent studies(1) have indicated that un- 
expected physiological activity results from 
drug structures such as 1 in which a tertiary 
amino group and a hydroxylated function are 


) 
Meo OH 


located adjacent to one another on a cyclo- 
hexane ring. For example, the cis-isomer 1 
has previously been shown(1) to inhibit the 
acetylcholinesterase-acetylcholine system, to 
produce neuromuscular blockade of the frog 
rectus abdominis preparation, and to inhibit 
conduction of the propagated impulse (to be 
published) in a standard desheathed bullfrog 
sciatic nerve. Consequently, it was of con- 
siderable interest to investigate physiological 
responses to the basic cis and trans isomers of 
the series starting with structure 1, for evi- 
dences of interference with CNS and/or neu- 


* The opinions in this paper are those of the 
authors and do not necessarily reflect the views of 
the Navy Department or the naval service at large. 


romuscular phenomena in intact animals, and 
at the same time to extend the study to in- 
clude the effects of esters of these aminoalco- 
hols with acids which in themselves possess 
some intrinsic activity. The present report 
briefly describes the results of these prelimi- 
nary studies on mice and cats, with emphasis 
on the role of stereochemistry of the drugs in 
determining the nature and strength of their 
actions, and in part details the results of alter- 
ing the ring structure from the 6-membered 
cyclohexane ring to the 5-membered cyclo- 
pentane nucleus. 

Materials and methods. Synthesis of drugs. 
The majority of the tertiary aminoalcohols, 
their quaternary iodide derivatives and ace- 
tates thereof were available from previous 
studies(2,3) of activity in the acetylcholines- 
terase system. The new esters with phenyl- 
acetic, diphenylacetic and benzilic acids were 
prepared via interaction of the aminoalcohols 
with the appropriate acid chlorides, and em- 
ployed in animal work as the crystalline hy- 
drochloride salts. The quaternary derivatives 
of the benzilic acid tertiary esters were ob- 
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CONVULSANT A€TIVITIES OF AMINOCYCLANOL DERIVATIVES 


TABLE I. Results of Intravenous Injection of Aminoaleohol Derivatives into Cats and Mice. 
NN 


youn Mice a Cats 7 

eer ax Dose Nictitating 

LD», used, membrane 

No. Strueture R R’ mg/kg mg/kg Nature of reaction relaxed 
1 Ue are CH, H 163-164* 15-50 Convulsion, followed by depression + 
2 Mar CH, H 130 25-50 Idem _ 
3 II e CH, 1B (As 20 Fasciculations, collapse, areflexic — 
+ Lit CH, i 96-98 20 None 24 — 
5 I Me CH; H 85 25-50 Quiescence, muscle hypotonicity — 
6 Lie ar GH; EH 100 25-50 Excitation, muscle hypertonicity, — 
convulsions 

7 Ille CH, H 90 als Collapse, flaccidity, areflexic oe 
8 ULB Bs CH, i 140 15 None <= 


* Caleulated as the free base. Used as the HCl salt to ensure solubility. 


tained by courtesy of the J. R. Geigy A.-G. 
organization in Basel. 

Animal testing. Orientation as to gross 
toxicity and symptomology produced by these 
drugs was obtained with the mouse. Aqueous 
solutions with pH adjusted near neutrality 
were administered v/a tail vein to animals in 
the 18-22 g weight range. LD;  determina- 
tions in mice were derived from dose-response 
curves in which at least 4 doses were em- 
ployed, with 10 animals being injected at each 
dose. In the testing of the esters it was found 
that the dose-lethality curves have very steep 
slopes. 

From the lethality levels in mice, sublethal 
doses were selected for the cat studies. In 
these experiments the drug solutions were in- 
jected into the greater saphenous vein, and the 
animals observed till return to normality. In 
certain of the tests in which one compound 
was assayed for protective activity against 
another, the injections were given in rapid 
succession through the same needle. 

Results. The results of animal experiments 
with the simple tertiary cis and trans amino- 
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alcohols under study, together with the corre- 
sponding findings on certain of their quater- 
nized derivatives, are summarized in Table I 
below. The basic structures referred to in 
the Table are summarized in the formulae 
I-III. 


The experimental observations were next 
extended to several series of cis and trans 
esters of the previously studied aminoalcohols, 
with the results summarized in Table IT. 


Several interesting features emerge from 
the tabulated data. Of particular interest in 
the mouse LD;, data is the observation that 
with the exception of isomer pair 1-2, each of 
the cis (c) isomers is more toxic than its cor- 
responding trams (t) isomer. This is true 
even though reaction to the drug and mode 
of death varied considerably from pair to pair. 
All produced convulsions, but these were gen- 
erally of a complicated pattern and probably 
due to several different causes. The quater- 
nary amines, in general, caused weakness and 
collapse sometimes accompanied by fascicu- 
lations, and presumably the convulsion was a 
terminal event subsequent to impairment of 
the respiratory musculature. The tertiary 
aminocyclohexanols and their phenylacetic, 
diphenylacetic and benzilic esters produced, 
as the initial event, typical tonic-clonic con- 
vulsions, presumably of CNS origin. The re- 
maining compounds produced such compli- 
cated mixtures of general excitement, muscle 
hypertonicity, isolated limb paralysis, respira- 
tory embarrassment and convulsions that the 
primary cause of the convulsion could not be 
ascertained by gross observation. 


As an initial step in a program to clarify 
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TABLE II. Biological Activities of Esters of the Basie Aminoalcohol Structures I-III, 


——— Compound ———, Mice —_———_-——- Cats — 
Dose Nictitating 
x J, LD», used, membrane 
No. Structure R R mg/kg mg/kg Nature of reaction relaxed 
2 EEG CH, CH,CO 51-52 20 Salivation, sweating, + 
muscle hypertonicity 
10 TEA CH, CH,CO 76 20 Mild depression _- 
11 Tile CH; CH,CO 20 Flaecid paralysis + 
12 ETE SC CH, CH,CO 140 20 Mild depression — 
13 £ 6>— OH. * 6, 8-CE.CO 257 10-25 Severe tonie convulsions — 
14 EB e* Ge, (GH), CHCO 10 Tonie and clonie convul- = — 
7 sions, running motions 
15 ite ue. CH), OH CO 15 Idem — 
16 i vs* SCH,  (C.8.).C(OH)CO 17-18 4) Salivation, mild paral- —_ 
ysis, nystagmus 
17 Pe ore (nH) C( OH )CO 24 2-10 Tonie convulsion —— 
18 II ¢ CH, (C,H;).C(OH)CO 11-12 7-11 Mild lethargy + 
19 ey: CH; (CsH;),.C(OH)CO 20-21 15 2 is a 
20 I t* CH; p-CH,OC,H,CH.CO 74 15 Convulsion, running — 


motions 


* Used as the HCl salt. 


t Result by courtesy of Dr. J. R. Tureman, Dept. of Pharmacology, Howard Univ. Med. 


School. 


the mechanism of action of these agents the 
drugs were administered in sublethal doses to 
cats. Although complicating actions were still 
seen, the picture was much clearer. In the 
tables those cats listed as convulsing showed 
classic tonic-clonic reactions frequently ac- 
companied by strong running motions. In 
those animals listed as showing flaccidity and 
collapse the response was similar to that seen 
after administration of a depolarizing neuro- 
muscular blocking agent. In these studies, 
too, the striking correlation of structure and 
potency was noted. With the exception of 
the pair 1-2, in which at equivalent doses the 
convulsions produced by the cis were a little 
less severe than those produced by the trans 
isomer, all cis isomers were more potent than 
the corresponding trans forms. This is most 
dramatically exemplified in the compound 
pairs 3-4 (quaternary) and 7-8 (quaternary), 
wherein each cis isomer is quite active in pro- 
ducing symptomology, whereas the corre- 
sponding trans isomer is virtually inactive at 
the same dose level. That this behavior may 
result from differential actions of stereoiso- 
mers at the same receptor centers can perhaps 
be inferred from an experiment in the cat in 
which it was found that 30 mg/kg of the 
relatively inactive trans quaternary compound 
8 completely protected the animal against the 
normally powerful action of 15 mg/kg of the 


cis quaternary compound 7, when 8 was ad- 
ministered intravenously immediately before 
7. A repetition of this experiment in the cy- 
clohexane series with administration of 30 
mg/kg of the trans compound 4 followed im- 
mediately by 20 mg/kg of the czs derivative 3 
resulted in complete protection against para- 
lytic symptoms. In both assays of protective 
action in the cat, however, the combined ac- 
tion of the two drugs appeared to be greater 
than the individual effects of the isomers on 
the nictitating membranes. 

Among those compounds causing convul- 
sions in cats the most dramatic contrast be- 
tween actions of a cis-trans pair was seen in 
the diethyl pair 5 and 6. Both compounds 
were active, but the cis isomer caused a mild 
depression with muscle hypotonicity and leth- 
argy while the frans isomer produced excita- 
tion, muscle tremors, rigidity and after about 
15 minutes severe and prolonged tonic-clonic 
convulsions. Among the other pairs causing 
convulsions the reaction was qualitatively 
similar for the 2 isomers with, except for pair 
1-2, the cis isomer slightly more potent in ac- 
tion than the trans. Quantitation of the con- 
vulsant effects of the tertiary aminocyclo- 
hexanols and their esters by means of the 
mouse LD; data reveals that in addition to 
the general cis-trans relationship potency is 
affected by esterification. The activity se- 
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quence is alcohols<phenylacetates < diphe- 
nylacetates < benzilates. 


Summary and conclusions. Generally, it 
has been found that cis and trans isomers of 
1,2-tertiary aminocyclanols and their esters, 
studied largely in the cyclohexane series, are 
capable of exhibiting convulsant, activity in 
the mouse and the cat. From graded activi- 
ties in the mouse it is observed that with few 
exceptions each cis isomer of a given cis-trans 
pair is more potent than its corresponding 
trans isomer. Within the tertiary amino com- 
pounds as a class, it appears that convulsant 
activity in the mouse, which is roughly paral- 
leled in the cat, runs in the increasing se- 
quence alcohols<phenylacetate esters <di- 
phenylacetate esters=benzilate esters. The 
cis quaternary alcohols 3 and 7 are active in 


RETARDATION COMB AND TESTICLE GROWTH 


cats and mice, whereas the trans isomers 4 
and 8 are strikingly inactive in cats. Further, 
the probability that active and inactive mem- 
bers of a quaternary cis-trans pair (e.g. 7 and 
8, and 4 and 3) reach the same receptor cen- 
ters in the cat is indicated by the observations 
that 8 protects against the action of 7, and 
4 against 3. Finally, the quaternary cis and 
trans benzilates 18 and 19 appear to show 
strong species specificity, with high activity in 
mice (cis better than trans) and low activity 
in cats. 


1. Friess, S. L., J. Am. Chem. Soc., 1957, v79, 3269. 
| 2. Baldridge, H. D., McCarville, W. J., Friess, S. L., 
J. Am. Chem. Soc., 1955; v77, 739. 

3s Friess, S. L., Baldridge, H. D., ibid., 1956, v78, 
2482. 


Received June 5, 1958. P.S.E.B.M., 1958, v99. 


Effect of Homologous Spinal Cord in Freund’s Adjuvant on Cockerel Comb, 


Testicular and Body Growth.* 


(24322) 


EpWIN R. RANZENHOFER,| Murray M. Lipton AND ALEX J. STEIGMAN 
Kentucky Child Health Fdn. Lab., Dept. of Pediatrics, University of Louisville School of Medicine, 
* Louisville 


During investigations concerning produc- 
tion of experimental allergic encephalomye- 
litis, Lipton and Steigman found (unpub- 
lished) that 4-week-old White Rock chickens 
were suitable hosts for production of the dis- 
ease, both clinically and histologically, when 
injected with homologous spinal cord in 
Freund’s adjuvant. Subsequent experiments 
were designed to determine the influence of 
age of chicken on its susceptibility. Casual 
observation revealed that injected groups had 
paler and smaller combs as well as smaller 
body weights than uninjected controls. The 
differences were most striking in birds injected 
at 3 to 7 days of age, and less so in birds in- 
jected at 14 days. 

Methods. For Freund water-in-oil emul- 
sions, M. butyricum was suspended in an Ara- 
cel-light mineral oil mixture to a concentra- 


* Aided by grants from National Multiple Sclerosis 
Sec. and N.1.H. 
t Fellow of National Multiple Sclerosis Soc. 


tion of 4 mg/ml. A local poultry provided 
adult chicken heads and necks from which 
spinal cord tissue was selected. Liver tissue 
was obtained from normal chickens killed in 
this laboratory. The tissue was suspended in 
0.5% phenol water at 30% concentration and 
permitted to incubate 4-6 hours at room tem- 
perature. Emulsions were made by adding 
the aqueous phase to butyricum-oil suspension 
in a 1:1 proportion and emulsifying by a hy- 
podermic syringe. In the group receiving M. 
butyricum alone, organisms were suspended 
in phenol solution in concentration of 2 mg/ 
ml. White leghorn cockerels from a single 
source were used. All were received within 24 
hours after hatching and living, attenuated 
Newcastle disease vaccine was instilled into 
the conjunctiva upon receipt. Diet was 
“starter mash” (Aubrey Feed Mills, Louis- 
ville) and water ad lib. Each bird received 
0.7 ml of material subcutaneously divided into 
7 sites. Seven-day-old chicks were injected, 


- 


TABLE I. Average Comb, Body and Testes Weights of White Leghorn Cockerels Injected at Day 7. 


Comb wt 
P 


Avg testes 
wt, g + 8.5. + 


P 
Exp. 1—Terminated at Day 54 


Avg body 
wt, g + S.E.t 


PS 


Avg comb 
wt,g+S.E.t 


9 


No. 


birds 


Material inj. 
M. butyricum (aq) 


Chick liver and adj.* 
Uninjected 


Chick cord and adj.* 


Adjuvant alone* 
Arlacel and oilt 
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a. observed for 46-47 days and sacrificed at age 
V 53-54 days. Serial body weights and comb 
areas were recorded. »Periodically determined 
comb areas reflected trends in comb growth 
and correlated well with comb weights deter- 
mined at sacrifice. The data (Table) pre- 
sented here, however, are confined to body 
and comb weights at sacrifice. Two experi- 
ments were done. In the first, the following 
control groups were included: Adjuvants with 
killed Mycobacteria, adjuvants sine My- 
cobacteria, complete emulsion containing 
chicken liver instead of CNS tissue, aqueous 
cies b4 mycobacterial suspension and uninjected nor- 
Bas mals. In the second experiment control 
groups consisted of adjuvants with Mycobac- 
teria and uninjected normals. The number 
of animals are given in Table. Due to de- 
V velopment of fatal allergic encephalitis or oc- 
casional accidental inclusion of a pullet, the 
number of birds in each group is not the 
same. At termination of experiment, the ani- 
mals were sacrificed and exsanguinated. The 
combs were removed and weighed. In the 
second experiment, testes were also weighed. 
Ratios of comb weight to body weight were 
calculated in both groups to determine 
whether depressions in comb weights reflected 
depressions in body weight or whether there 
was more specific depression of comb weight. 
Each group was subjected to statistical analy- 
sis using the t test, standard errors and P 
values. 

The results including P values comparing 
experimental with control groups are included 
in the Table, which reveals that in both ex- 
periments comb weights were significantly 
lower in groups injected with spinal cord and 
adjuvants than in any control group. The re- 
sults in animals injected with control ma- 
terials did not differ significantly from the 
uninjected ones. 

Body weights in Exp. 1 also showed dif- 
ferences, although less marked than comb 
weight differences. The same trends were 
apparent with the exception of the liver-in- 
adjuvant group. This group did not differ sig- 
nificantly from the group receiving chicken 
cord emulsion. Like that group, it did differ 
significantly from the other control groups. 

In Exp. 2, body weights of cord injected 


10 


5) 
<p — .05 


<p = .05 


<P 
<P 


Liver vs cord 
” M. butyricum <p=.20 


” uninjected 


” adj. alone 
” Arlacel & oil 


” 
” 
” 
’ 


Exp. 2—Terminated at Day 53 


523 
9 
5 
with Arlacel, light mineral oil, 0.5% phenol water and killed M. butyricum. 


as above, but without Af. butyricwm. 
§ P values comparing cord inj. groups with control groups. 


t Stand. error of mean. 


+ Emulsion 


* Emulsion made 


Chick cord and adj.* 
Adjuvant alone* 
Uninjected 
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group were significantly lower than in both 
control groups. 

In both experiments the ratios of comb 
weight to body weight were significantly 
lower in experimental than in control groups. 
Such findings are interpreted as evidence that 
retardation of comb growth in animals re- 
ceiving cord emulsion exceeded retardation 
in body growth. This ratio is of particular 
interest in comparing the group receiving 
liver-in-adjuvant and the spinal cord group. 
Although body weights of these groups did 
not differ significantly from each other, this 
ratio did reveal statistically significant dif- 
ferences. 

In Exp. 2, testicular weights and ratios of 
testicular to body weight were significantly 
lower in the experimental than in control 
groups. There were no statistically signifi- 
cant differences in control groups. 

Discussion and summary. Injection of ho- 
mologous spinal cord in Freund’s adjuvant 
into 7-day-old cockerels retards body growth 
with disproportionate retardation of comb 
and testicular growth. Preliminary micro- 
scopic examination of combs revealed de- 
creased mucoid matrix of the intermediate 
layer of the dermis in experimental animals, 
suggesting a hormonal mechanism(1). Freund 
and co-workers(2) reported production of 
aspermatogenesis in guinea pigs by injection 


11-Oxy CortTiIcoips ON EXCRETION IN RaTs 


of homologous testicular tissue and adjuvant. 


In studying the effects of other tissues, these 


investigators found mild testicular damage 
and aspermatogenesis after injecting homolo- 
gous CNS tissue and adjuvant into guinea 
pigs. The effects of these injections on sec- 
ondary sex characteristics were not studied. 
They believed that, although CNS and testes 
shared a common antigen, the testicular in- 
jury was secondary to physio-pathologic 
changes associated with meningo-encephalitis 
(loss of body weight and other symptoms). 
In our chickens the incidence of encephalo- 
myelitis was very low. Although body weights 
were retarded in these animals and in animals 
receiving liver-in-adjuvant, ratio of comb 
weight to body weight was lower only in the 
experimental group, indicating a dispropor- 
tionate retardation of comb growth. It ap- 
pears that some factor more specific than de- 
creased body weight and changes associated 
with encephalomyelitis is operative. Whether 
it is a common antigen shared by CNS tissue 
and testes or whether it is inhibition of hypo- 
thalamic-hypophyseal function is purely spec- 
ulative. 


1. Hardesty, Mary, Am. J. Anat., 1931, v47, 277. 
2. Freund, J., Lipton, M. M., Thompson, G. E., 
J. Exp. Med., 1953, v97, 711. 


Received June 17, 1958. P.S.E.B.M., 1958, v99. 


Iiffects of 11-Oxy Corticoids on Renal Excretion of Water and Electrolytes 


in Force-Fed Intact Rats.* 


(24323) 


W. J. EvVERSOLE AND B. E. RoMERO 
Dept. of Biology, University of New Mexico, Albuquerque 


Hydrocortisone, prednisolone, or prednisone 
were considered equally effective in augment- 
ing urine volume and renal excretion of Na 
and K in water-loaded adrenalectomized rats 
(1). Recently, Houlihan and Eversole (un- 


* The 11-oxy steroids were supplied by Dr. C. W. 
Winter, Merck Inst. for Therapeutic Res. The work 
was aided by N.I.H. grant. Final draft was written 
by W. J. Eversole, Guggenheim Fellow, Div. Cancer 
Res., Perugia, Italy. The authors thank Dr. Lucio 
Severi for use of facilities. 


published) found that these and other 11-oxy 
steroids augmented urine volume and _ potas- 
sium excretion in force-fed adrenalectomized 
rats. Our experiments were conducted to 
determine (1) whether presence of adrenals 
would modify renal responses to 11-oxy corti- 
coids and (2) relative effectiveness of corti- 
coids in inducing adrenal atrophy. 

Methods. Eleven groups of Long-Evans 
male rats (approx. 230 g) were used. The 
control group received no hormone while the 


11-Oxy Corticorps oN ExcrETION IN RATS 


others were treated with one of the following 
corticoids: cortisone, prednisone, cortisone 
acetate, hydrocortisone, prednisolone, hydro- 
cortisone acetate, 9%a-fluorohydrocortisone, 
corticosterone, 11-dehydrocorticosterone, and 
A'4-pregnadiene-17, 20, 21-triol-3, 11-dione 
(At U). Degree of adrenal atrophy, daily 
urine volume, daily excretion of Na and K, 
terminal blood serum levels of Na and K, and 
body weight changes were criteria in evaluat- 
ing hormonal effects. The rats were kept in 
wire-bottomed cages in air-conditioned quar- 
ters (76-78°F) and tube-fed a warmed, semi- 
liquid diet by French catheter and veterinary 
syringe. The diet, patterned after Ingle and 
Oberle(2), consisted of: 120 g Cellu flour, 40 
g Osborne-Mendel salt mixture, 100 g brewer’s 
yeast powder, 10 g wheat germ oil, 10 g cod 
liver oil, 200 g corn oil, 160 g casein, 200 g 
corn starch, 190 g dextrose, 200 g sucrose, .1 
g Vit. K, and water to make 2 1. Amount of 
food administered was gradually increased 
from 5 to 20 ml/day over a 6-day period. 
During preliminary feeding, rats were allowed 
access to Purina Chow and water, but on day 
7 and through 11-day treatment they received 
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10 ml food in morning, 12 ml water at noon, 
and 10 ml of food again in afternoon. Each 
rat received 1 mg hormone/day: .4 in morn- 
ing and afternoon and .2 mg at noon. Steroids 
were dissolved in alcohol, suspended in 
Merck’s Aqueous Vehicle No. 1, and injected 
subcutaneously. Animals were in individual 
metabolism cages which separated urine from 
feces. Body weights and urine volumes were 
recorded daily and evaporative loss was as- 
sumed constant. On alternate days excretion 
of total Na and K was determined. Termin- 
ally, after 18 hr fast, blood collections were 
made from decapitated trunks, and only clear 
serum was analyzed for Na and K. At sacri- 
fice, the adrenals were excised, dissected free 
of adhering fat, and weighed. Standard er- 
ror was calculated by use of formula recom- 


| Sd? 
V n(n-1)_ 


Differences between means were considered 
significant if P values were .05 or less. 
Results. Table I shows values obtained 


for urine volume, urinary Na and K, and se- 
rum Na and K. Seven of the 10 steroids aug- 


mended by Fisher(3): S.E. = + 


TABLE I. Effects of Adrenal Steroids on Water and Electrolyte Balance in Force-Fed Intact 
Rats. (1 mg/day for 11 days.) 


Urine vol, Urinary Na, Urinary K, Serum Na, Serum K, 
ml/day meq/day meq/day meq/1 meq/1 

Intact control 9.8 + .28* 2.26 + .05 1.90 + .04 145 + 1.89 7.4 + 39 
(9)t(81)¢ (9) (45) (9) (45) (9) (9) (9) (9) 

Cortisone 10.7 + .24 2.49 + .07 2.07 + .05 140+ .88 7.2 + .10 
(6) (54) (6) (30) (6) (30) (6) (6) (6) (6) 

Prednisone 11.9 + .20 2.44 + .06 2.09 + .06 145+ .98 7.3 + .40 
(6) (54) (6) (30) (6) (30) (6) (6) (6) (6) 

Cortisone acetate 11.4 + .30 2.40 + .06 2.13 + .07 142+ .79 7.2 + .17 
(6) (54) (6) (30) (6) (30) (6) (6) (6) (6) 

Hydrocortisone 11.3 + .32 2.41 + .07 2.06 + .05 141+ .84 74+ .22 
: (5) (45) (5) (25) (5) (25) (5) (5) (5) (5) 

Prednisolone 13.0 + .22 2.47 + .03 2.14 + .04 145 + 1.67 7.9 + .82 
(6) (54) (6) (30) (6) (30) (6) (6) (6) (6) 

is ate 12.1 + .32 2.52 + .07 2.19 + .09 142 + 1.20 (0-2 7 i 
Hydrocortisone acetat es Ht) (6) 180 8) 180) (es (6) (6) (8) 

- 2orti 1.1 + .52 2.27 + .06 2.03 + .06 162 + 3.40 5.2 + .43 

9 a-fluorohydrocortisone ars rk jah fa) nee eae ey (m 

Corticosterone 9.0 + .32 2.31 + .06 1.81 + .05 150 + 2.36 TAt 20 
(7) (63) (7) (85) (7) (85) COG Ci 7) 

* -drocorticosterone 0.2 + .28 2.34 + .06 2.02 + .04 143 + 2.23 7.3 + .33 
11-dehydrocorticosteron¢ a “eA Rs +50) 8) (80) (ey (6) (6) (8) 

AU 9.8 + .28 2.35 + .05 1.86 + .04 149 + 1.10 7.0 + 33 
(6) (54) (6) (30) (6) (80) (6) (6) (6) (6) 

~ * Mean ce. t No. animals. { No. cases (determinations). 
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INTACT CONTROL 


CORTISONE 
PREDNISONE 

- CORTISONE 
ACETATE 
HYDROCORTISONE 
PREDNISOLONE 


HYDROCORTISONE 
ACETATE 


ta 
9% FLUORO- 
HYDROCORTISONE 
CORTICOSTERONE 


I~DEHYORO- 


CORTICOSTERONE 


a 


WOT. CHANGE 
om 


FIG. 1. Effects of adrenal steroids on body wt in 
foree-fed intact rats. (1 mg/day for 11 days.) 


mented significantly the volume of urine ex- 
creted, with prednisolone most effective; cor- 
ticosterone, 11-dehydrocorticosterone, or At U 
were ineffective in this respect. Cortisone, 
hydrocortisone, their acetates and A! ana- 
logues, augmented urinary excretion of Na 
significantly while other steroids had little or 
no effect. The corticoids, with 2 exceptions, 
augmented significantly urinary excretion of 
K. The depression of urinary K after corti- 
costerone or At U was small and statistically 
insignificant. Cortisone and 9a-fluorohydro- 
cortisone were the only steroids affecting se- 
rum electrolytes. Cortisone caused small but 
significant fall in serum sodium, whereas 9a- 
fluorohydrocortisone caused marked increase 
in serum Na and severe drop in serum K. 


The steroids (At U excepted) depressed 
body weight gain; prednisolone and 9a-fluoro- 
hydrocortisone were most effective in promot- 
ing body weight loss (Fig. 1). 

Adrenal weights were depressed to different 
degrees depending upon the steroid employed 
(Table II). There was significant adrenal 
atrophy, either on an actual or relative weight 
basis, after treatment with hydrocortisone 
acetate or prednisolone. Treatment with 11- 
dehydrocorticosterone or At U caused signifi- 
cant decreases in relative but not actual 
weights, whereas corticosterone significantly 
depressed actual but not relative weight. 
Further work, involving increased dosage and 
numbers, would be necessary to clarify these 
details; only major points will be discussed. 
These experiments demon- 
strated that small daily doses of cortisone or 
hydrocortisone and their acetates and A! ana- 
logues uniformly elicited increases in urinary 


Discussion. 


11-Oxy CorTICOIDS ON EXCRETION IN RATS 


excretion of water, sodium, and potassium in 
the intact force-fed rat. 
fects were similar to those obtained in the 
adrenalectomized rat (unpublished) except 
they demonstrated more clearly that, in addi- 
tion to stimulating water and K excretion, 
they augmented urinary excretion of Na. It 
appears that these effects are characteristic 
ones for these steroids in the rat regardless of 
whether the adrenals are absent or present 
(4,5). 


Nine a-fluorohydrocortisone elicited moder- 
ate increase in urine volume, failed to influ- 
ence significantly urinary Na or K, and ele- 
vated serum Na and depressed serum K. This 
latter finding, reported previously(6,7), fur- 
ther emphasizes the desoxycorticosterone-like 
effects of 9a-fluorohydrocortisone in promot- 
ing exchange of K for Na between extra- and 
intracellular fluids. 


Corticosterone, 11 - dehydrocorticosterone, 
and A! U had no effects on renal excretion of 
water and electrolytes. The former 2 steroids 
are generally considered to have weak physio- 
logical activity and the latter has been shown 
recently to exert mildly beneficial effects in 
the adrenalectomized rat. It is likely that 
increasing the dosage would have led to ob- 
servable effects(8). 


The acetates and A’ analogues were more 
effective than parent steroids in depressing 
body weight and such effects correlated well 
with urinary loss of water and electrolytes. 


TABLE II. Effects of Adrenal Steroids on Adrenal 
Weight in Foree-Fed Intact Male Rats. 


ee ronhwO 


Adrenal wt* ——, 


No. Relative, Actual, 
Treatment eases mg/100 g BW mg 
None, controls 9 18.8+1.2 488+ 2.1] 
Cortisone 5 1+ 4 45224 
Prednisone 6 182+18 432+ 4.6 
Cortisone acetate 6 17.2 EF 44.9 + 1.7 
Hydrocortisone 6 184+12 46143 
Prednisolone 6 140+ 3 ° 31929 
Hydrocortisone ace- 6 13.8+ 9 34.6 ae 2.5 
tate 
9 a-fluorohydrocor- 5 16.9 + 1.5 40.4 + 3.6 
tisone 
Corticosterone A 15.7 + 1.2 38.9 + 1.9 
11-dehydrocortieos- 6 11.7+21 408+ 3.9 
terone Ma 7" 
AU 6 12.9+ 6 39.245 


* Mean + S.F. 


These steroidal ef- — | 


~ TETRAHYDRO-S IN ADRENAL CANCER 


Although 9a-fluorehydrocortisone was more 
effective than the other steroids in depressing 
body weight, it was poorly effective in pro- 
moting urinary loss of water, Na, and K; rea- 
son for excessive body weight loss is unknown. 
A' U was the only steroid that promoted body 
weight gain in intact or adrenalectomized rats; 
it has weak physiological activity favorable 
for the adrenalectomized rat (unpublished). 

Experiments dealing with effects of 11-oxy 
steroids on adrenal weight demonstrated that 
each compound caused some adrenal atrophy, 
but only hydrocortisone acetate and predniso- 
lone were significantly effective on both actual 
and relative weight bases. These 2 steroids 
are then presumably the most effective ones 
of the 10 used in inhibiting endogenous pro- 
duction of ACTH and adrenal cortical hor- 
mones. 


Summary. In the force-fed intact rat, 
treatment with small daily doses of cortisone 
or hydrocortisone or their acetates and A! ana- 
logues had slight, if any effects on serum Na 
and K but augmented urinary excretion of 
water (urine volume), Na and K, suppressed 
body weight gain, and caused reduction in 
adrenal weight. Hydrocortisone acetate and 
prednisolone were most effective of 10 ster- 
oids tested in causing adrenal atrophy. Treat- 
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ment with 9a-fluorohydrocortisone resulted in 
marked increase in serum Na, severe decrease 
in serum potassium, marked loss in body 
weight, no change in urinary sodium, and mild 
increases in urinary volume and K. Corticos- 
terone, 11-dehydrocorticosterone, or A‘4- 
pregnadiene-17, 20, 21-triol-3, 11-dione (A? 
U), in the doses employed, failed to affect 
water and electrolyte balance. These 3 com- 
pounds tended to suppress adrenal weight and, 
excepting A'U, caused slight reduction in 
body weight gain. In general, renal responses 
were similar to those found previously in 
adrenalectomized rats. 
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Excretion of Pregnan-3a, 17a, 21-Triol-20-One (Tetrahydro S) by Patients 


with Adrenocortical Carcinoma.* 


(24324) 


Mortimer B. Lipsett AND BARBARA DAmast (Introduced by Roy Hertz) 
Dept. of Health, P.H.S., National Cancer Inst., Endocrinology Branch, Bethesda, Md. 


An increased excretion of Porter-Silber 
chromogens in urine has generally implied the 
presence of increased amounts of tetrahydro- 
cortisone (tetrahydro E) and tetrahydrohy- 
drocortisone (tetrahydro F), the reduced 
products of cortisone and hydrocortisone re- 
spectively. However, in 2 patients with 
adrenocortical carcinoma, tetrahydro S_ has 
been shown to comprise the major part of the 

* We wish to thank Dr. Hildegarde Wilson of the 
Nat. Inst. of Arthritis and Metabolic Diseases for 
generous advice. 


urinary neutral reducing lipids and exceed ex- 
cretion of tetrahydro E and tetrahydro F(1). 
In a patient with the hypertensive variant of 
congenital adrenal hyperplasia, tetrahydro S 
was the major component of the Porter-Silber 
chromogens(2). It was isolated in increased 
amount from urine of 2 patients with adreno- 
cortical carcinoma(3). Since excretion of 
tetrahydro S probably accurately reflects se- 
cretion of 4-pregnen-17a, 21-diol-3, 20-dione 
(Compound S), determination of its urinary 
excretion provides data regarding the secre- 
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TABLE I. Quantitative Urinary Steroids. 


Porter-Sil- Dehydro- 
ber ehromo- Tetra- 17-keto- epiandro- 
gens hydro S_ steroids* steroneft 


TEIN me/24 


V.G. 89 13 134 36 
J.B. 50 15 152 75 
VEE. 72 44 70 29 
RS. 61 11t 57 19 
Grell: 20 7 23 3 
aah 6 A 130 47 
G.H.§ 6 533 107 34 
Aelale 5 7 4.5 6 
M.S. 5 Bo 44 iy 
Normal ff 9 12 


* Modification of Callow’s method. 

t Paper chromatography and micro Zimmerman. 
t Exeretion of dihydro S—3 mg/24 hr. 

§ 15-mo-old boy. 


tion of one of the probable intermediates in 
synthesis of hydrocortisone. Since one of 
our patients with adrenocortical carcinoma 
excreted 60 mg of Porter-Silber chromogens 
daily and was without clinical evidence of 
Cushing’s syndrome we searched for tetra- 
hydro S in his urine and subsequently in the 
urine of 8 other patients with adrenocortical 
carcinoma. This resulted in the finding of 
increased urinary excretion of tetrahydro S 
in 5 patients and the presumptive identifica- 
tion of pregnan-17a, 21-diol-3, 20-dione (di- 
hydro S) in one patient. 

Methods. Most urines examined had been 
stored at —4°C up to 2 years. Aliquots of 
24-hour urines were hydrolyzed with beef 
liver beta glucuronidase (Ketodase®) at pH 
5.0 for § days. They were then continuously 
extracted with ether at pH 1 for 48 hours, and 
for 24 hours at a concentration of sulfuric acid 
of 1 normal. After washing with 1N sodium 
hydroxide and water, aliquots of the crude 
material in ethanol were chromatogrammed 
in the Bush B; system, a toluene-ethylene gly- 
col system, or in the Ey system of Eberlein 
and Bongiovanni(4). This last proved most 
useful as blue tetrazolium-reacting steroids 
more polar than tetrahydro S have low Rf’s. 
Tetrahydro S moved 19 to 23 cm in 16 hours 
at room temperature. The steroids were eluted 
with cold methanol and determined quantita- 
tively with blue tetrazolium(5). Recovery 
experiments with tetrahydro S from paper 
averaged between 85 and 110% Tetrahydro 
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S was identified by its mobility in the 3 sol- 
vent systems, its reaction with blue tetrazo- 
lium and phenylhydrazine and_ infra-red 
spectroscopy. Dihydro S was presumptively 
identified in urine of R. S. by its mobility in 
2 solvent systems, and comparison of its ace- 
tate with authentic dihydro S acetate in the 
E, system(4) and its reaction with blue tetra- 
zolium and phenylhydrazine. 

Results. In Table I, data are presented 
comparing 24-hour excretion of tetrahydro S 
in 9 patients with proven adrenocortical car- 
cinoma with excretion of Porter-Silber chro- 
mogens, 17-ketosteroids, and dehydroepian- 
drosterone. Whenever excretion of Porter- 
Silber chromogen was elevated, tetrahydro S 
was likewise increased. However, when 17- 
ketosteroids alone were elevated, excretion of 
tetrahydro S was low. 


Discussion. Of the steps leading to synthe- 
sis of hydrocortisone, 11-beta hydroxylation is 
generally considered the final one. Excretion 
of tetrahydro S undoubtedly closely corre- 
sponds to production of Compound  S. 
Thus, these results suggest that when an 
adrenocortical carcinoma produces excessive 
amounts of hydrocortisone, 11-beta hydroxy- 
lation of Compound S may be the rate limit- 
ing step in the series of reactions leading to 
synthesis of hydrocortisone. Whether this is 
peculiar to adrenocortical carcinoma or is a 
general consequence of the high rate of pro- 
duction of hydrocortisone is unanswered by 
these data. Evidence to support the first al- 
ternative is the demonstration that a patient 
with an adrenocortical adenoma excreted only 
small amounts of tetrahydro S in spite of an 
excretion of tetrahydro E and tetrahydro F 
as great as in patients with adrenal carcinoma 
and Cushing’s syndrome(1). It is apparent, 
of course, that in the 4 patients without ele- 
vated urinary Porter-Silber chromogens, only 
small amounts of tetrahydro S were detected. 

Hydroxylation at C,; was not similarly im- 
peded as no alpha-ketols less polar than di- 
hydro S were seen in any of the chromato- 
grams. This would exclude the presence of 


+ We wish to thank Dr. Thomas F. Gallagher of 
Sloan-Kettering Institute for the infra-red spectrom- 
etry. 


ef 
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4-pregnen-21-ol-3,  20-dione —(tetrahydrol 
DOC) in amounts greater than 500 pg per 24 
hours. The inconsistency between high ex- 
cretion of Porter-Silber chromogens and ab- 
sence of Cushing’s syndrome in patient R.S. 
could not be attributed to excretion of tetra- 
hydro S and dihydro S as this patient also ex- 
creted amounts of tetrahydro E and tetra- 
hydro F which were well above normal. The 
occurrence of dihydro S was unexpected. To 
our knowledge, this compound has not previ- 
ously been found in urine. As it has been 
shown that reduction of the C,-keto group is 
the rate-limiting step in metabolism of the 
3-keto, A4 group(6), no dihydro S should be 
excreted. It was noted in only one patient, 
R.S., who had extensive hepatic metastases at 
the time. Whether or not this affected the 
further metabolism of dihydro S is conjec- 
tural. 

Summary. Tetrahydro S was excreted in 
amounts ranging from 7 to 44 mg daily in 5 


Immunological Tolerance to Male Skin Isografts in Female Mice.* 
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patients with adrenocortical carcinoma exhib- 
iting excessive production of Porter-Silber 
chromogens. Dihydro S was presumptively 
identified in the urine of one of these patients. 
The amount of tetrahydro S in 4 patients with 
adrenocortical carcinoma with normal levels 
of Porter-Silber chromogens was likewise 
normal. 


1. Touchstone, J. C., Bulaschenko, H., Richardson, 
E. M., Dohan, F. C., J. Clin. Endocrinol. and Metab., 
1957, v17, 250. 

2. Eberlein, W. R., Bongiovanni, A. M., ibid., 1955, 
v15, 1531. 

3. Resselet, J. P., Overland, L., Jailer, J. W., Lieber- 
man, S., Helvet. Chim. Acta, 1954, v37, 1933. 

4. Eberlein, W. R., Bongiovanni, A. M., Arch. 
Biochem. and Biophys., 1955, v59, 90. 

5. Nowaczynski, W., Goldner, M., Genest, J., J. 
Lab. and Clin. Med., 1955, v45, 818. 

6. Tomkins, G. M., Rec. Prog. Horm. Res., 1956, 
v125125. 
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T. Mariant,t C. Martinez,} J. M. Smiry anp R. A. Goop$ 
Departments of Physiology and Pediatrics, University of Minnesota Medical School, Minneapolis. 


Eichwald and Silmser(1) reported among 
certain members of inbred strains of mice a 
histo-incompatibility determined by the sex. 
This observation has been confirmed by 
Prehn and Main(2) and Short and Sobey(3) 
for some strains of mice but not for others. In 
these studies, isografts from male to female 
mice of either the A or C;; BL strain are often 
unsuccessful. When skin isotransplants are 
made from female to male, male to male or fe- 
male to female, skin grafts are regularly suc- 
cessful and resemble autografts. The basis 
for rejection of male skin isograft by the fe- 


* Aided by grants from U.S.P.H.S. and Minn. Di- 
vision of Am. Cancer Soc. 

+t National Science Faculty Fellow. 

t William O’Brien Cancer Research Professor 
Univ. of Minnesota. 

§ American Legion Memorial Heart Research, Prof. 
of Pediatrics. 


male of the same inbred strain has been inter- 
preted by Eichwald e¢ al.(4) and Snell(5) as 
the function of an immune response due to a 
histocompatability gene located on the Y- 
chromosome. According to this theory the 
female (XX), which lacks the donor’s isoan- 
tigen originating from a gene residing on the 
Y-chromosome, is capable of an immune re- 
sponse and rejects the skin isotransplant. 
However, other possible explanations for fail- 
ure of male skin isotransplants to survive on 
females have been considered. For example, 
endocrinological influences, by mechanisms 
not yet understood, might account for the re- 
sults observed(4). Reasoning that rejection 
of male skin by females of the same strain is 
an immunological phenomenon based on the 
same principles as those responsible for skin 
homograft rejection, it seemed possible that 
the effects of the so-called Y-antigen might be 
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IMMUNOLOGICAL TOLERANCE TO MALE GRAFTS 


TABLE I. Induction of Tolerance to Overcome Sex Linked Incompatibility to Skin Isografts 


in Miee. 
Seg 8 rd ele a ee ee 
Tle 55888 ———”C“C“ “es 


No. of mice accepting skin isografts* 


Group Strain é to 9 2 to g & to 3g 2 to ¢ 
Controls A 11/46 14/16 10/10 8/8 
Cs; Bl (subline I) 3/31 11/12 26/29 10/10 
Z (CsH 10/10 
Ce 4/4 
Balb/C 7/10 
@ treated at birth with ¢ spleen A 23/23 
C;; Bl (subline I) 6/7 


* No. takes/total No. grafted. 


overcome if immunological tolerance were 
produced to male cells by their intravenous 
injection into females of the same strain at 
birth. Demonstration of such tolerance would 
constitute evidence that rejection of male skin 
by females of the same strain is an immuno- 
logical process based upon histocompatibility 
differences between the two sexes. It will be 
shown that when A and C;; BL (subline I) 
females are injected at birth with spleen cells 
from males of the same strain, male skin can 
then be transplanted to females without re- 
jection. Thus, the phenomenon of immuno- 
logical tolerance can be used as a means of 
overcoming histocompatibility barriers be- 
tween members of the same inbred strain of 
mice. 

Method. Mice of the highly inbred strains 
A and Cs; Bl (subline I) have been used. 
Female mice were injected intravenously 
shortly after birth (0 to 24 hours) with living 
spleen cells taken from adult male donors of 
the same strain. The method of spleen cells 
preparation as well as the technic of intra- 
venous injection was the same as previously 
described(6). Each prospective recipient 
mouse was injected at birth with 2-4 million 
viable spleen cells obtained from normal males 
of the same strain. Cell viability was deter- 
mined by the eosin method(7). Following 
spleen cell injections, the mice were raised by 
their own mothers and weaned at 25 to 30 
days of age. Forty-five to 60 days after in- 
jection of spleen cells, the treated females 
were grafted with full thickness skin isografts 
taken from adult male donors of approxi- 
mately the same age. The technic used for 
skin transplantation has been described pre- 
viously(6). Groups of non-treated control 


mice of the same strain were also submitted 
to skin isotransplants in different sex com- 
binations, 7.e.,: male ——> female; male —~> 
male; female ——> male and female —— fe- 
male. As further controls skin grafts in male 
to female combination were also made among 
Z(C3H), Balb/C and Ce. After grafting, the 
mice were kept under observation for at least 
2 to 4 months and skin grafts examined daily 
to evaluate success or failure of transplanta- 
tion. 

Results. The results obtained are sum- 
marized in Table I. In the control group of 
non-treated females receiving male skin, the 
isograft acceptance was 24% for 46 animals 
of the A strain and 9.6% for 31 animals of 
the Cs; Bl (subline I) strain. In contrast, 
within the experimental group of females 
treated at birth with spleen cells from adult 
males of the same strain, the acceptance of 
male skin isograft was 100% for 23 of the A 
strain animals and 85.7% for 7 animals of the 
Cs7 Bl (subline I) strain. The difference in ac- 
ceptance between the treated and non-treated 
groups of the same strain is statistically sig- 
nificant (P<0.01). When skin rejection did 
occur, it was morphologically similar to homo- 
graft rejection and usually began approxi- 
mately 2 weeks following transplantation. 

Almost 100% success of isotransplants of 
skin from female to male, male to male and 
female to female was obtained in both A and 
C;7; Bl strains of mice. In contradistinction to 
the A and C;; Bl strains studied here, where 
skin isografts from male to female were fre- 
quently unsuccessful, skin isografts from male 
to female among Z(C3H), Ce and Balb/C 
were more often successful. 

Discussion. Our results are of interest from 
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several points of view. In the first place fail- 
ure of skin iso-transplantation between donor 
males and recipient females in highly inbred 
strains of mice was observed in a large propor- 
tion of trials. 

When skin from A strain or C;; Bl males 
was transplanted to isologous females, it 
usually underwent rejection similar in its 
morphologic features to skin homotransplant 
rejection. Within these same strains skin 
grafts in the other sex combinations, namely 
male ——> male; female ——> male; and fe- 
male ——> female were in the great majority 
of cases successful. 

In contrast isotransplants between male 
—— female were uniformly successful in 
Z(C3H) and Ce strain animals. 

These observations are in complete agree- 
ment with those previously reported (1-4). 

Of greater significance, however, is our ob- 
servation that sex-linked histo-incompatibil- 
ity can be overcome by intravenous injection 
of prospective recipient females with viable 
male spleen cells shortly after birth. This 
observation is compatible with the hypothesis 
that the lack of histocompatibility observed 
between males and females of the same strain 
has an immunological basis. 

These observations would indicate that the 
recipient females injected with male spleen 
cells at birth accepted these cells. We postu- 
late that the female animal maintained and 
produced cells containing the isoantigen of the 
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male and subsequently accepted the male skin 
grafts which otherwise would be rejected. 


Summary. 1) Acquired tolerance to isolo- 
gous male skin may be produced in female 
mice of the A and C;7 Bl (subline I) strains 
by injection at birth of living spleen cells 
taken from isologous adult male donors. The 
results show that by this procedure sex-deter- 
mined incompatibility observed between male 
and female mice of these 2 strains may be 
overcome. 2) These observations are inter- 
preted as providing evidence for the immuno- 
logical basis of male skin graft rejection by 
isologous females. 


AppeNDUM: While this paper was in press, Billing- 
ham and Silvers have reported similar observations 
using the C,, BI/6 strain of mice. Science, 1958, 
v128, 780. 
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Influence of Tissue Culture Passage, Storage, Temperature and Drying on 


Viability of S E polyoma Virus. 
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An agent recovered from tissue of leukemic 
mice, or from parotid gland and other mouse 
tumors has been propagated in both monkey 
kidney and mouse embryo cell cultures(1,2, 
3,4). Fluids from these cultures have induced 
tumors in mice and hamsters. The agent has 
the characteristics of a virus and has been 
designated the S E polyoma virus(5,6). In 


attempts to determine the nature of the agent 
many technics used routinely in working with 
viruses, were applied. The present paper con- 
cerns the effect of tissue culture passage, stor- 
age, temperature and drying. 

Materials and methods. Virus. Origin and 
passage history through animal and _ tissue 
cultures of strains of the virus used are illus- 
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Cell free extract of AKR mouse with spontaneous 


leukemia 


J 
Monkey kidney TC 24424—1 passage 
.) 


Parotid gland tumor in (C,Hf,; X AKR) F, mouse 
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Cell free extract of AKR mouse with trans- 
planted leukemia 


v 
Thymoma in (C,Hf, X AKR) F, mouse 


Mouse embryo TC 3791 


Monkey kidney TC 3469—2 passages 
Mouse embryo TC ” —2 iv 


Y 


Parotid glands, livers, and spleens from 2 dwarfed 


(C,Hf, X AKR) F, mice 
Y 
Mouse embryo TC 3672—3 passages 
y 
Parotid gland tumor in (C;Hf, K AKR) F, mouse 
J 


Mouse embryo TC 3919 


Y 
Mouse embryo TC 3469—12 passages 


Tumors of ovaries, heart, kidneys and subcut. 
tissues in hamster 


y 
Mouse embryo TC 105—2 passages 


Tumors of heart, adrenal, kidney and subcut. 
tissues in hamster 


J 
Mouse embryo TC 274—2 passages 
Tumors of heart and liver in hamster 
Mouse embryo TC 473—3 passages 


Tumors of heart, kidney, stomach, liver and 
lungs in hamster 


y 
Mouse embryo TC 581 


FIG. 1. Tissue culture and animal passage of S E polyoma virus. 


trated in Fig. 1. Cultures of monolayer Swiss 
mouse embryo were prepared in 2 oz. pre- 
scription bottles according to procedures pre- 
viously described(3). Maintenance medium 
consisted of 199 with 1% calf serum, 2% rab- 
bit serum, or 2% horse serum. Animal sera 
were heated to 56°C for 30 minutes before use. 
All cultures were examined microscopically 
and the nutritive fluids were replaced after 
incubation at weekly intervals. Fluids re- 
moved after one week’s incubation were not 
saved unless cytopathic changes in the cells 
were seen. Harvests were made from virus 
infected cultures held 2 weeks or longer. The 
harvested fluids were transferred to new tissue 
cultures, stored, heated at different tempera- 
tures, lyophilized or used to infect young 
hamsters. Continuous tissue culture passage. 
Three strains of SE polyoma virus were car- 
ried through more than 35 tissue culture pas- 
sages using inoculum of 2 ml of infected fluid 
for each passage. Cultures were incubated at 
36°C. Storage of virus under varied condi- 
tions. Fluids from virus infected tissue cul- 
tures were distributed in glass tubes or bottles, 
closed with rubber stoppers and stored at 4°C 
and —20°C in refrigerators, and at —70°C in 


dry ice chest. In one experiment, an equal 
volume of anesthetic ether was added to virus- 
infected tissue culture in prescription bottle 
closed with cotton stopper and stored at room 
temperature 14 days. During this time the 
ether evaporated and the remaining fluid was 
transferred to new tissue cultures. In another 
experiment fluid was removed from an infected 
culture in a 2 oz. bottle and discarded. Then 
1 ml of 0.25% trypsin in Earle’s balanced salt 
(6) solution was added to the cells and the 
mixture incubated at 36°C for 18 hours. In 
still another experiment hamster tumor tissue 
in 33% glycerol in proteose peptone broth 
(Difco) was stored at 4°C for 72 days, then 
minced and added to tissue cultures. 

Heating of virus. Virus in tissue culture 
fluid was sealed in ampules in 5 ml amounts 
and immersed in water baths at temperatures 
of 60°, 70°, and 80°. The heating period was 
30 minutes, except in one experiment where 
temperature was 60°C for 60 minutes. After 
heating, ampules were opened and the fluids 
administered to hamsters. They were not in- 
oculated into tissue cultures. Lyophilization 
of virus. An equal volume of sterile skimmed 
milk was added to fluid from virus infected 
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TABLE I. Induction of Tumors in Hamsters by 
Different Tissue Culture Passages of a Single 
Strain, 3469, of the S E Polyoma Virus. 


TC passage Hamsters 
No. Inj. With tumors 
13 4 3 
16 ll 11 
22 10 9 
37 8 ~ 


tissue cultures. The mixture was distributed 
in 0.5 ml amounts in small ampules, attached 
to a manifold, and frozen by means of methyl 
cellosolve and dry ice. Evacuation was ef- 
fected by a pump with the aid of a condenser 
cooled by methyl cellosolve and dry ice. Dry- 
ing was complete in approximately 7 hours at 
which time the ampules were sealed in vacuo. 
The dry material was reconstituted in 0.5 to 
1 ml of distilled water or proteose peptone 
broth. It went into suspension readily and 
was added at once to tissue cultures or the 
contents of 3 or 4 ampules were pooled and 
the material used to infect hamsters. Ani- 
mals. Hamsters (Criceti aurati) obtained 
from the Animal Production Section of the 
N.I.H. were used to test the viability of 
the virus. Animals were housed in metal shoe- 
box cages, fed Purina laboratory chow and 
given water ad lib. Hamsters <1 to 3 days 
of age were injected with 0.2 ml doses of virus 
by subcutaneous route. The animals were 
observed daily for tumors, symptoms of dis- 


TABLE II. Effects of Storage on the S E Polyoma 
Virus. 


7 Hamsters——_, 


Inj. With tumors 


= Storage———, 
Temp.,°C Time, days 


—70 404 6 ayes a) 
—70 245 10 9 
—20 329 3 2 (17) 
—20 328 7 5 (1%) 
4 169 10 5 
4 60 14 1 
4 30 8 5 
2a 14 6 5 
36t 4 9 6 
4} 72 8 4 


* An equal vol of anesthetic ether and infected 
tissue culture fluid. 

+ Fluid removed from virus infected cells and 1 
ml of 0.25% trypsin in Earle’s sol added to each 
bottle. 

+t Tumor tissue from hamster stored in 33% gly- 
cerol. 
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ease or death. The mothers were removed 
from the young after 21 days. 


Results. Table I shows frequency of oc- 
currence of tumors in hamsters infected with 
different tissue culture passages of the same 
strain of virus. There was essentially no dif- 
ference in number of hamsters that developed 
neoplasms, or in time of appearance of tu- 
mors, whether 13th or 37th tissue cultures 
passage virus was used. 


The effect of storage on the virus is shown 
in Table Il. When these experiments were 
performed, titrations of virus content by an 
in vitro test(5,6) were not carried out, hence 
the potency of the different virus preparations 
was unknown. However it may be seen that 
regardless of original virus content, tumors 
were produced in hamsters with virus stored 
under all conditions tested, namely at —70°C 
for as long as 404 days, at —20°C for 329 
days, at 4°C for 169 days, at 22°C in the 


TABLE III. Effects of Heat on the S E Polyoma 
Virus. 


Tissue culture fluids 


heated ———Hamsters———_, 
Temp.,°C Time, min. Inj. With tumors 
Control, 0 + 4 (1?) 
unheated 
60 30 12 12 
60 60 10 10 
70 30 18 4 
80 30 15 0 


presence of ether for 14 days, and mixed with 
trypsin and held at 36°C for 18 hours. Also 
virus could be recovered from hamster tumor 
tissue stored in 33% glycerol at 4°C for 72 
days. 

The effect of heat on virus is given in Table 
III. Heating to 60°C for 30 minutes caused 
little loss in activity as determined by tumor 
induction. Hamsters injected with virus 
heated to 60°C developed tumors slowly and 
only 4 of 19 hamsters receiving virus heated 
to 70°C for 30 minutes had developed neo- 
plasms after 157 days. 

Table IV shows that the dried reconstituted 
virus is capable of inducing tumors in ham- 
sters. The tumors produced were often mul- 
tiple and occurred in walls of the heart, in 
kidneys, subcutaneous tissues, stomach, intes- 


292 


TABLE LV. Induction of Tumors in Hamsters by 
the S E Polyoma Virus after Lyophilization. 


Time (days) Hamsters 


of storage of 
dried virus 


Virus strain Inj. With tumors 


3469 244 7 6 
3919 251 9 9 

105 103 8 8 
3791 245 5 5 


tines, liver, etc., as originally described(3). 
The dried reconstituted virus passed to tissue 
cultures, then to hamsters, also induced tu- 
mors. 

Discussion. Our experiments indicate that 
the S E polyoma virus is a remarkably stable 
virus. The quantity of virus inactivated as a 
result of storage is unknown since the infec- 
tious titers of the original stored materials 
were not determined. All stored virus-con- 
taining fluids tested induced neoplasms in 
hamsters. These included virus preparations 
held over a year at —70°C, 47 weeks at —20°C, 
and 24 weeks at 4°C. There was not an ap- 
preciable loss in activity of the virus on lyo- 
philization, whether the reconstituted virus or 
the fluids from tissue cultures inoculated with 
the reconstituted dried virus were used to in- 
fect hamsters. 

The epidemiological implications of a tu- 
mor inducing virus that retains its viability 
under conditons that destroy many viruses are 
obvious if they are applicable to natural host 
conditions. Although the mode of dissemina- 
tion is unknown, the possibility that stable 
viable virus plays a part in dissemination of 
disease cannot be put aside. All strains of the 
S E polyoma virus studied thus far, originated 
from strain AKR mice(1,2,3,4). It remains 
to be seen if natural body materials such as 
feces, urine or saliva etc., will yield the virus. 

That tissue culture cells are a good source 
of virus was shown by infecting hamsters with 
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cells digested with trypsin. The slow release 
of virus from infected cells probably accounts 
for fluids from one-week-old cultures having 
little tumor inducing capacity(1). 

The heated virus unlike the virus subjected 
to lyophilization was not passed in tissue cul- 
tures so a question may be raised as to whether 
the virus remains viable or whether the 
tumors arose as a result of some metabolic 
product or toxin. Experiments are under way 
to find an answer. 


Summary. The S E polyoma virus derived 
originally from strain AKR mice can be 
passed repeatedly from tissue culture to tissue 
culture. It is relatively stable when stored at 
~70°C, —20°C or 4°C for 404 to 169 days and 
it resists the action of ether, glycerol or tryp- 
sin. Heating to 80°C destroys or inhibits its 
tumor inducing property and this property is 
impaired by heating at 60°C for 60 minutes 
or 70°C for 30 minutes. It withstands lyo- 
philization as indicated by induction of mul- 
tiple tumors in hamsters 1 to 3 days of age 
with reconstituted lyophilized virus or with 
the fluids of cultures infected with reconsti- 
tuted dried virus. 
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Cholesterol Esterase Activity of Rat Lymph.* 
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GrorGE V. VAHOUNY AND C. R. TREADWELL 
Dept. of Biochemistry, George Washington University School of Medicine, Washington, D.C. 


Our studies have shown that absorbed cho- 
lesterol in thoracic duct lymph of rats is ap- 
proximately 90% esterified regardless of con- 
ditions which alter rate or extent of choles- 
terol absorption from the intestinal lumen 
(1-4). Conditions in the intestinal lumen 
are unfavorable for esterification of choles- 
terol, and produce a rapid and extensive split- 
ting of dietary cholesterol esters(5,6). The 
intestinal mucosa has been suggested as the 
primary site of esterification during choles- 
terol absorption, since it has been demon- 
strated that extracts of intestinal mucosa are 
enzymatically active in the conversion of free 
cholesterol to the esterified form(7-9). How- 
ever, based on studies which failed to demon- 
strate the presence of esterifying activity in 
the intestinal mucosa, Metzger and Favarger 
(10) suggested that lymph itself might be ac- 
tive in esterification of dietary cholesterol, 
after its passage into the intestinal lacteals. 
If lymph can synthesize or hydrolyze esters of 
cholesterol, either enzymatically or otherwise, 
it would be necessary to reevaluate the role of 
the esterification mechanism in cholesterol ab- 
sorption. If, however, lymph does not partici- 
pate in these processes, esterification of choles- 
terol during intestinal absorption may be at- 
tributed directly to the intestinal mucosa. 
Apparently a critical study of cholesterol 
esterase activity of lymph has not been re- 
ported. It was therefore of interest to inves- 
tigate the influence of rat thoracic duct lymph 
on cholesterol partition of lymph itself, and 
the ability of this medium to catalyze esteri- 
fication of added cholesterol and oleic acid, 
or hydrolysis of cholesterol oleate. 

Methods. Adult male rats of Carworth 
Farms strain were employed. Cannulation 
of the thoracic duct was carried out according 
to the procedure of Bollman e¢ al.(11), with 
minor modifications, and the animals were 


* This work was supported in part by grants from 
Nat. Heart Inst., N.I.H., Life Insurance Medical Re- 
search Fund. 


subsequently confined to restraining cages 
with 0.9% saline but no food for duration of 
lymph collection period. Following fasting 
from 18-24 hours, the rats were given 3 ml of 
a cholesterol-containing emulsion(1) by 
stomach tube and lymph was collected and 
treated as described below. In the lymph in- 
cubation experiments incubation temperature 
was 37°C, and samples were withdrawn at 0 
hours and 24 hours for analysis of free and 
total cholesterol by the method of Sperry and 
Webb(12). 


Results. In the preliminary study, lymph 
was collected for 3, 6, or 24 hours in vessels 
mounted in dry ice, so that the fluid was im- 
mediately frozen. The samples were then 
thawed and divided into 3 fractions. One was 
immediately extracted with 25 volumes of 
boiling acetone-alcohol (1:1); a second frac- 
tion was refrozen for 24 hours, and the third 
was incubated for 24 hours in a Dubnoff 
shaker. These were allowed to reach room 
temperature prior to extraction and analysis 
for total and free cholesterol. This experi- 
ment failed to show any changes in the lymph 
cholesterol partition, regardless of volume of 
the lymph sample collected, or the conditions 
employed. However, it appeared necessary 
to extend this study due to the possibility that 
free and esterified fractions of total lymph 
cholesterol had attained equilibrium prior to 
time of collection. 


The second study was designed to deter- 
mine the effect of lymph on esterification of 
added cholesterol and oleic acid, and on hy- 
drolysis of added cholesterol oleate. Three 
ml of a saline-albumin emulsion containing 
291 mg of oleic acid, 288 mg of sodium tauro- 
cholate, and 50 mg of cholesterol were ad- 
ministered to fasted, lymph-fistula rats, and 
lymph collected for 24 hours. The emulsions 
prepared for addition to lymph are described 
in Tables I and II. One ml of the appropri- 
ate test emulsion was added to 5 ml of lymph 
and the digest was thoroughly mixed. Where 
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no additions to lymph were made, 1 ml of iso- 
tonic saline was substituted for the emulsion. 
In some digests, the pH was adjusted to 6.2 
for the esterification study, and to 6.6 for hy- 
drolysis, by addition of 0.154 molar sodium 
dihydrogen phosphate. The mixture was then 
made to 10 ml volume with 0.154 molar phos- 
phate buffer at pH 6.2, or pH 6.6. 

The data on esterifying activity of rat 
lymph on added cholesterol, oleic acid, and 
sodium taurocholate, are summarized in Table 
I. Incubation of lymph alone did not sig- 
nificantly alter the ratio of free and esterified 
cholesterol (Digest 1), nor did rat lymph 
cause esterification of added cholesterol when 
included alone, with oleic acid, or with oleic 
acid and sodium taurocholate (Digests 3-5). 
To check the effect of pH, lymph alone and 
lymph containing added cholesterol, oleic acid, 
and taurocholate were adjusted to pH 6.2. 
However, this alteration also did not result in 
cholesterol esterase activity in lymph. 

A comparable study on hydrolytic activity 
of rat lymph is described in Table II. As in 
the previous study, no significant changes oc- 
curred after incubation of lymph alone (Di- 
gest 1), with added cholesterol oleate (Digest 
2), or with cholesterol oleate and taurocholate 
(Digest 3). Adjustment of the pH to 6.6 also 
failed to result in any change of cholesterol 
partition in lymph (Digest 4). 

Under our conditions, it is evident that rat 
thoracic duct lymph is ineffective in promot- 
ing synthesis or hydrolysis of esterified choles- 


TABLE I. Synthetic Cholesterol Esterase Activity 
of Lymph. 


-——Additions to lymph*——_, Cholesterol 


Sodium esterified 


Digest Choles- Oleic tauro- per 24 hr, 
No. terol,mg acid,mg cholate, mg % 
] -3.2 
2t 0 
3 5 1.3 
4 As 10.8 iil 
5 . i 14.4 1.6 
6t . “a ‘ Bel 
Tess ” ” ” 3.9 
84 o 2 0 


* Additions were emulsified in 1 ml of isotonic 
saline containing 5 mg of albumin. 

+ pH adjusted to 6.2. 

{5 ml of isotonic saline substituted for lymph. 

§ Lymph was heated to 80°C for 10 min. prior to 
use, 


CHOLESTEROL ESTERASE 


TABLE II. Hydrolytic Cholesterol Esterase Activ- 
ity of Lymph. 


-— Additions to lymph*—~ 


Digest Cholesterol Sodium tauro- Oleate hydrol- 
No. oleate,mg cholate,mg  ysis/24 hr, % 
1 —2.0 
2 8.4 —2.9 
3 a 14.4 0 
4t ” ” 0 
BT ” 2? 0 
6§ ” 9? eee 


* Additions were emulsified in 1 ml of isotonic 
saline containing 5 mg of albumin. 

+t pH adjusted to 6.6. 

+5 ml of isotonic saline substituted for lymph. 

§ Lymph was heated to 80°C for 10 min. prior to 
use. 


terol, either of endogenous origin, or of that 
included in the incubation mixtures. These 
results therefore do not support the suggestion 
that lymph is responsible for cholesterol es- 
terification following absorption from the in- 
testinal tract(10). In addition, since the 
conditions in the intestinal lumen do not fa- 
vor esterification of dietary cholesterol, it ap- 
pears that the intestinal mucosa is the active 
site for esterification of absorbed cholesterol. 

Summary. Incubation of rat thoracic duct 
lymph at 37°C did not affect lymph choles- 
terol partition. Lymph also failed to cause 
esterification of added cholesterol when in- 
cluded alone, or with oleic acid and sodium 
taurocholate. Likewise, there was a lack of 
hydrolysis of added cholesterol oleate, with or 
without sodium taurocholate inclusion. Ad- 
justment of the pH of incubation digests con- 
taining cholesterol or cholesterol oleate did 
not result in changes in the ratio of free and 
esterified cholesterol. From the present data 
it is apparent that rat thoracic duct lymph 
does not possess synthetic or hydrolytic cho- 
lesterol esterase activity. 
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Comparison of Effect of Reserpine and Syrosingopine on Gastric Acid 
Secretion. (24328) 


Wittram H. Bacuracu (Introduced by M. I. Grossman) 
Vt. Adm. Center, Los Angeles, Calif. 


In the search for Rauwolfia derivatives pre- 
serving the hypotensive action but free of the 
undesirable side effects of reserpine, a new 
alkaloid, carbethoxysyringoyl methylreser- 
pate, (Syrosingopine, Ciba) has been pre- 
pared.* The gastric acid-stimulating action 
of this compound was compared with that of 
reserpine. 

Methods. The effects of oral and paren- 
teral administration of the drugs in humans 
were tested by measuring volume and acidity 
of continuously-aspirated gastric contents at 
hourly intervals. The subjects were known or 
suspected patients with peptic ulcer, fully 
ambulated and with no complaints at time of 
study. Output of acid in meq was calculated 
by multiplying volume of secretion by con- 
centration of free acid. The control period 
before administration of drug was one or 2 
hours; when a 2 hour control period was ob- 


tained, the higher of the 2 hours was taken as 
the basal secretion. Since average basal se- 
cretion varied considerably from one group 
of patients to another, post-drug output was 
recorded as increments over basal, as well as 
absolute values. 

Results. Ordinary therapeutic doses of 
reserpine orally, as used in the management 
of hypertension (0.25 to 0.5 mg), stimulate 
secretion of HCl to a mild extent; higher 
doses, both oral and parenteral, induce a very 
definite hypersecretion of acid. The excellent 
absorption on oral administration is indicated 
by the similarity in acid secretory response 
after oral and parenteral administration. 

Syrosingopine in oral doses of 0.5 to 1 mg 
stimulates less acid than does reserpine. In- 
tramuscularly, reserpine stimulates more acid 
secretion than does an equal dose of Syrosing- 
opine by the same route. 


TABLE I. HCl Output in Gastric Juice after Reserpine and Syrosingopine. 


JE UCI anes (An 


SS 
-—— Hr after —————__,, 
Dose, mg No. tests Hr before 1 2 3 4 
Oral 

Reserpine 3) 9 1.8 2.9 2.8 2.4 3.1 
e 1.0 7 1.2 2.9 4.2 6.1 5.3 
Syrosingopine a) 6 1.4 2.0 1.8 1.0 3.1 
i ss ‘i 1.0 10 2.5 4.0 3.2 3.4 3.5 

Intramuse. 
Reserpine 1.0 On 8 1.8 3.4 7.6 8.2 
Syrosingopine 1.0 6* 8 1.3 1.6 2.5 3.7 


* Same subjects. 


* Supplied by Ciba Pharmaceutical Co. 
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TABLE II. Increment of HCl Output over Basal 
after Reserpine and Syrosingopine. 


HCI, meq/hr 
(increments over 
basal) 
Dose, No Hr after drug 
mg tests i 2 3 
Oral 
Reserpine 5 9 ole eee: ene: Gree dives 
i 1.0 7 Urs cle a Ome aot 
Syrosingopine .5 6 Gig, A acd Tk 
a 1.0 10 Aaa) ar PO mee) 
Intramuse. 
Reserpine 1.0 6 1.0 2.6 6:8 7.4 
Syrosingopine 1.0 6 po ode DS SY 


CorTISONE ErFECT ON CONNECTIVE TISSUES 


therapeutic purpose of Syrosingopine, namely, 
reduction of elevated blood pressure. Conse- 
quently we do not know from first hand data 
whether the chemical modification of the 
reserpine molecule, which yields Syrosingo- 
pine, preserves the hypotensive action of 
reserpine. In our experience, the gastric 
secretagogue effect of reserpine has not been 
a significant problem, although it has been so 
reported by others(1). 

Conclusion. Syrosingopine is a less potent 
stimulant of gastric secretion than is reser- 
pine. 


Discussion. During these investigations, no 
observations were made regarding the primary 


Effect of Cortisone on Connective Tissues of the Rat.* 


1. Bachrach, W. H., Reserpine, Am. J. Dig. Dis., 
in press. 
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Harry Soset,t Sapir GABAY AND CLARENCE JOHNSON 
Inst. for Medical Research, Cedars of Lebanon Hospital and Dept. of Biochemistry and Nutrition, 
University of Southern California, School of Medicine, Los Angeles 


Cortisone causes a decrease in the content 
of the hexosamine-containing mucopolysac- 
charides of the skin and femurs of the rat 
(1). However; the collagen content of these 
organs remains relatively undisturbed. The 
latter findings are related to the general meta- 
bolic inertia of the mature fibrillar components 
of connective tissue(2,3). 

The decrease in ground substance would, 
of course, lead to an increase in fibrillar den- 
sity. In this laboratory, the ratio of hexosa- 
mine to collagen (H/C) in tissues rich in con- 
nective tissue is used to evaluate fibrillar 
density. Heretofore, it has been assumed 
that the changes observed with skin and fe- 
murs occurred in connective tissues generally 
following cortisone administration. Since 
these cortisone-induced changes in connective 
tissue have certain pathological and geronto- 
logical implications, studies were made of sev- 
eral other tissues following cortisone adminis- 
tration. In addition, the changes which took 


* This project was supported by a grant from the 
U.S. Public Health Service. 
+ Investigator Howard Hughes Foundation. 


place after withdrawal of cortisone were in- 
vestigated. 

Methods. Male rats of the Wistar or Addis- 
Slonaker strain were maintained on Rockland 
Rat Diet. Cortisone acetate (Cortone) was 
administered subcutaneously at a dose level 
of 30 mg/kg of body weight. The dose was 
calculated on the basis of weights obtained on 
alternate days. Cortisone was injected until 
a 20% loss occurred in body weight, at which 
time the animals were either sacrificed or in- 
jections were discontinued and recovery per- 
mitted to take place. When the original 
weight was regained, some were then sacri- 
ficed and others maintained for biopsy study. 

When the response of different tissues was 
studied, specimens were always taken from a 
consistent site and in a consistent manner: 
1.5 cm® of skin was removed from the right 
hind quarter of the animal and scraped free 
of visible fat. Approximately 100 mg of lung 
tissue was taken from the right lower lobe 
and washed free of blood by intermittent com- 
pression in saline. The sternum was cleaned 
free of all adhering tissue, treated with ace- 
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TABLE I. H/C Ratio in Various Tissues of Wistar Rats following Cortisone Administration 
and Withdrawal. 

——— 

—H/C values « 10®?————___________, 


Group No. Avgwt,g Skin Sternum Trachea Lung Aorta Venacava 
A 12 170 10.8+ .3t 52+4.1(8) 114(4)t 504.1 554.2 4.2 +4.1(8) 
B 16 135* 69+ 9 414.1 6.7 (4) Sas 1 4.272 1 13.6 =e 
C 20 169 1Oe2 53+ 1 84.(4) 452.1 5.24.1 43-=.1 


Group A—Normal untreated rats. Group B—Rats after 35-39 days of treatment with corti- 
sone acetate to induce 20% wt loss. Group C—Rats treated as above, then cortisone inj. dis- 
continued and original wt regained 24-27 days later. 


* Mean starting wt, 170 g. 


+ Stand. error. 


¢ When group contains fewer rats 


than indicated in column 2, the No. is given in parentheses. 


tone-ether and dried to constant weight. Ap- 
proximately 30 mg was taken for analysis. 
In the case of the aorta and vena cava, it was 
possible to obtain only 10 and 6 mg, respec- 
tively, of material. 

When multiple biopsies of skin were re- 
quired, specimens approximately 6 mm in 
diameter were taken at random from one of 
6 predetermined regions of the back. The 
site was recorded so that subsequent biopsies 
were taken from another sector. 

Collagen was determined by hydroxyproline 
analysis(4) and hexosamine by a modified 
Elson-Morgan procedure(5). For analysis of 
aorta, vena cava and the skin biopsies the 
modification employed for small human der- 
mal punches was utilized(6). 

Results. Following injection of cortisone, 
the desired weight loss took place after 35-40 
days of treatment of the Wistar rats. A sig- 
nificant decrease in H/C ratio was induced in 
all of the tissues investigated. Skin exhibited 
the greatest decrease while vena cava showed 
the least (Table I). The decrease in the case 
of the skin appeared to be excessive. The 
more usual values previously observed follow- 
ing administration of cortisone, sufficient to 
cause a 20% weight loss, are 30-35%. The 
reason for the large fall in this case is not 
clear. It has been determined that a 22% 
loss in total body nitrogen occurs as a conse- 
quence of such treatment(7). Following dis- 
continuation of cortisone treatment, the lost 
nitrogen is replaced when the animal regains 
its initial weight(7). After a recovery period 
of approximately 25 days, the original H/C 
values were attained for sternum and vena 
cava and nearly complete recovery took place 
in lung and aorta. The skin lagged behind 
considerably in this regard. 


This effect was studied more fully. Mul- 
tiple biopsies were taken from the backs of 
individual animals at the following periods of 
the experiment: (I) Prior to injection of cor- 
tisone acetate, (II) Following loss of 20% 
of body weight induced by cortisone injec- 
tions, (III) Following cessation of cortisone 
administration, when the original weight had 
been regained, (IV) When an increase in body 
weight occurred to 20% above starting weight, 
and (V) When an increase in body weight oc- 
curred to 60% above starting weight. The 
results are shown in Table IT. 

For clarity of presentation, the H/C values 
of each set of biopsies from a single animal 
were compared. Thus the H/C ratio from 
period I for each animal was assigned an ar- 
bitrary value of 1, and the ratio of values 
from subsequent biopsies to that obtained at 
period I was derived. The mean H/C ratio 
decreased to 70% of the original value fol- 
lowing a 20% weight loss induced by corti- 
sone. A noteworthy observation was that it 
took almost twice as long for the Wistar rats 
to lose this weight as it did for those of the 
Addis-Slonaker strain. At the end of period 
III when the pretreatment weight was re- 
gained, the H/C value had recovered to only 
85% of the original values. At the end of 
period IV, during which time the animals 
gained 20% in weight above the starting 
weight, the relative H/C values were un- 
changed as compared to period III. This is 
not according to expectation for a decrease 
in H/C should normally follow growth(8). 
Since total nitrogen content is regained at the 
end of period III, it must be assumed that 
growth had resumed. In group’ B relative 
H/C values were similar to those of animals 
of the same weight, but greater than their age 
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TABLE II. Relative H/C Values from Serial Skin Biopsies. 
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55.3 


228 


14 
14 


Ba 
Bw 


Period III: following reestablishment of pre- 


following 20% wt gain above pretreatment level; Period V: following 60% wt gain 


Period II: following 20% wt loss induced by daily cortisone acetate inj. ; 


Period I: Pretreatment ; v 
treatment wt after discontinuation of cortisone inj.; Period IV: 


above pretreated level. 


Ba = uninj. animals of similar age; Bw = uninj. animals of similar wt 


interval in days for each period prior to taking of biopsy. 


Addis-Slonaker rats; B — Wistar rats; Be = cortisone-treated ; 


during periods IV and V. 


T-II, III, IV, V: 


A 


CorTISONE EFFECT ON CONNECTIVE TISSUES 


controls. However, when a 60% increase in 
weight was achieved by the treated animals 
the relative H/C values were similar to their 
age controls and below their weight controls. 

The data were reexamined and recalculated 
separating groups A and B into 2 subgroups: 
those animals which at the end of period II 
exhibited a decrease in relative H/C to below 
70% of the starting values and those which 
were above this amount. Those of Group A 
which showed the greatest drop in H/C also 
had lower values at the end of periods III 
and IV. In group B, a similar situation pre- 
vailed at the end of period III, but both sub- 
groups exhibited the same values at the end 
of period IV. It would seem that the greater 
the depression in H/C, the longer is the time 
required for its recovery. 

Discussion. Cortisone causes a decrease in 
H/C ratio by causing a breakdown of the 
hexosamine-containing ground substance(1) 
while disturbing little the metabolically inert 
mature collagen. The action of cortisone is 
of interest because in human beings the 
production of androgens diminishes markedly 
with age while that of the corticoids is altered 
less(9,10). Consequently, it would be ex- 
pected that the changes in production of these 
metabolically opposing steroids might result 
in disturbances similar to those which follow 
cortisone administration. Indeed the H/C 
ratio of dermal punches from men correlates 
significantly with ketosteroid excretion and 
the product ketosteroid  ketosteroid /corti- 
coid(11). The same disturbances in steroid 
production are associated with a decrease in 
lean-body-mass_ creatinine coefficient (12). 
Consequently, it is pertinent to ask whether 
the decrease in H/C which was reported pre- 
viously only for skin and femur following 
cortisone administration is a more general 
phenomenon and whether or not the changes 
induced by cortisone are reversible. 

The answer to the first question is in the 
affirmative. Lung, aorta and vena cava ex- 
hibit a decrease in the H/C ratio following 
cortisone administration although to a lesser 
extent than that of skin. Since loss of ground 
substance will influence permeability, extensi- 
bility, structure, etc., one wonders whether 
there is any relationship between these 
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changes and age-associated diseases such as 
hypertension, atherosclerosis, varicose veins, 
pulmonary emphysema and osteoporosis. 

The problem of reversibility of the dis- 
turbance induced by cortisone after with- 
drawal of the hormone is important because 
it is concerned with the influence exerted by 
past events such as illness, surgery, and thera- 
peutic cortisone administration upon rate of 
aging. Obviously information obtained on 
growing rats may not be applicable to human 
physiology but preliminary studies reveal that 
a decrease in H/C ratio may be observed in 
patients receiving therapeutic doses of corti- 
sone for several weeks (Wright and Sobel, to 
be reported). 

Lung, sternum, aorta and vena cava ex- 
hibit complete or nearly complete recovery 
of the H/C ratio following withdrawal of cor- 
tisone. Whether the original composition of 
the ground substance is reestablished remains 
to be determined. 

Skin fails to reestablish the initial H/C 
ratio before growth continues. Apparently, 
the greater the depression of the H/C ratio 
induced by cortisone, the slower the recovery. 
When growth continues the changes in H/C 
ratio follow a complicated course. It seems 
however, that when the weights of the ex- 
perimentally treated animals approach those 
of their untreated litter mates, differences in 
the H/C ratio no longer exist. 

Summary. The effect of cortisone admin- 
istration upon the hexosamine-collagen ratio 
(H/C) of several tissues was investigated. 
The H/C of skin, sternum, trachea, lung, 
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aorta and vena cava was significantly reduced 
when a 20% loss in weight was induced by 
cortisone. When injections were discontinued 
and the original weight was regained, H/C of 
sternum and vena cava returned to starting 
level. This was nearly true of lung and aorta. 
Skin lagged behind considerably in this re- 
spect. Multiple biopsies were taken from 
skin following cortisone administration and 
withdrawal. When depression of H/C was 
greatest, recovery lagged the most. The find- 
ings are pertinent to the question of the gen- 
eral nature of cortisone effect upon connective 
tissue and the reversibility of this effect. 
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Additional Evidence for the Existence of a New Factor Essential for 


Mevalonie Acid Utilization.* 


(24330) 


Lemuet D. Wricut, Monique CLELAND, JANE S. NorTON AND Marcia LOEB 
Graduate School of Nutrition, Cornell University, Ithaca, New York 


Preincubation of rat liver homogenates with 
crystalline ribonuclease (RNAse) was found 
to abolish the capacity of such homogenates 


* Supported by research grants from National 
Science Fn. and N.I.H. 


to utilize mevalonic acid (MVA) for biosyn- 
thesis of nonsaponifiable material (NSF) or 
cholesterol (CHL) (1,2,3). Control homoge- 
nates preincubated without added RNAse or- 
dinarily retained this biosynthetic capacity. 
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The RNAse effect was observed only with 
homogenates that had been subjected to a 
brief centrifugation to remove connective tis- 
sue, etc.(3). Inactivation with RNAse could 
not be obtained, for example, with homoge- 
nates that had been subjected to centrifuga- 
tion at 500 or 9000 xg. The synthetic ca- 
pacity of homogenates that had been inacti- 
vated with RNAse could be restored by addi- 
tion of an autoclaved extract of fresh liver. 
The existence in autoclaved liver extract of a 
previously unrecognized factor essential for 
biosynthesis of NSF or CHL directly or in- 
directly from MVA was postulated(3). This 
paper presents additional evidence for the 
existence of such a factor and reports pre- 
liminary information concerning its distribu- 
tion and properties. Some consideration is 
given to possible mechanisms involved in in- 
activation of MVA utilization by RNAse. 
Materials and methods. The experimental 
methods involved in NSF biosynthetic studies 
have been described(4). In brief, liver from 
young rats was homogenized with buffer 
(0.067 M KsHPO,, 0.042 M KH»2PO,, 0.006 
M Mg Cl, 0.03 M nicotinamide, pH 6.90) in 
the proportions of 1:2 with a “loose” homo- 
genizer and centrifuged at 200 xg for 3 min- 
utes. The supernatant layers were decanted 
and 5 ml aliquots were pipetted into flasks 
containing 1 mg ATP and 1 mg DPN ina 
volume of 1 ml. Crystalline RNAse (Worth- 
ington), where used (2-5 mg), was present in 
1 ml of water or buffer. Control flasks with- 
out RNAse contained a corresponding volume 
of water or buffer. The flasks were individu- 
ally aerated for 20 seconds with a stream of 
oxygen, stoppered, and preincubated for 30- 
45 min at 37°. The flasks were then opened 
and 1 ml of supplement or 1 ml of water or 
buffer plus 1 ml of 2-C-MVA solution were 
added to each flask. The flasks were then re- 
aerated, stoppered, and incubated for 4 hours. 
10 ml of 2N KOH in 80% ethanol was added 
to each flask and saponification carried out 
overnight on a steam bath. The alkaline so- 
lution was then extracted 4X with 50 ml 
amounts of petroleum ether. The combined 
ether extracts were dried with anhydrous so- 
dium sulfate, filtered, and evaporated to a 
small volume. The concentrated NSF were 
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transferred to tared planchets, dried briefly 
under an infra-red lamp and counted with a 
gas-flow counter. The MVA contained in 1 
ml 0.5 mg of MVA calculated as the diben- 
zylethylene diammonium (DBED) salt from 
which the DBED had been removed with 
ether at alkaline pH. Various preparations of 
MVA contained 15-20,000 cpm/ml. In cer- 
tain experiments material to be studied in the 
liver incubation system was added at the 
start of the experiment rather than after 
RNAse inactivation. Autoclaved liver ex- 
tract was prepared by heating liver homoge- 
nate (whole homogenate, 200 or 9000 xg su- 
pernatant) in the autoclave at 105-110° 
usually for 15 min after which the mixture 
was centrifuged and the coagulum discarded. 

Results. Assay system. As pointed out 
previously, the assay system depends upon 
the capacity of natural material to restore 
synthetic activity of RNAse-treated homoge- 
nates. In certain experiments material to be 
examined was added to the homogenates prior 
to inactivation with RNAse. The results ob- 
tained were essentially the same. Since evi- 
dence for the existence of a new factor seemed 
clearer when natural material restored the 
synthetic activity of an enzyme system after 
inactivation rather than prevented inactiva- 
tion in the first place, supplements to be 
tested ordinarily were added after inactiva- 
tion. In many assays, for example Exp. 5 and 
6, synthetic capacity was restored to that of 
control homogenates that had not been inac- 
tivated with RNAse. On the other hand, in 
some assays, for example Exp. 1 and 2, re- 
storation has been less than complete, some- 
times even as low as 10-20%. Whether or not 
these low results are a reflection of an uncon- 
trolled variable in the assay system or to in- 
ability consistently to prepare autoclaved 
liver extracts of high activity is not known. 

Distribution. ‘The factor is present in auto- 
claved liver extract prepared from rats im- 
mediately after killing. In one experiment, 
for example, an aliquot of a liver homogenate 
that was autoclaved immediately after prepa- 
ration had an arbitrary activity of 100; an- 
other aliquot that stood at 5° for 30 min be- 
fore autoclaving had an activity of 75, while 
a third aliquot incubated at 37° for 30 min 
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TABLE I. Influence of Various Supplements on 
Incorporation of Mevalonie Acid into Non-Saponi- 
fiable Material by Rat Liver Homogenates. 


Activity 
of NSF, 
Exp. RNAse Supplement epm/mg 
ike - None 410 
5% be 1 
+ 3 ml autoclaved liver extract 67 
+ 5 ml Idem 244 
2 - None 2020 
rhe “d 4 
a 1 ml autoclaved liver extract 15 
+ 3 ml Idem 239 
+ 5 ml a 585 
ae - None 572 
=i rs 82 
5 ml autoclaved liver extract 363 
+ 20mg distillers’ dried sol- = 104 
ubles, yeast extract, bacto 
peptone or dried whey 
+ - None 2130 
a a 34 
+ 5 ml autoclaved liver extract 1230 
(200 xg) 
a 5 ml autoclaved liver extract 1540 
(9000 xg) 
+ 5 ml autoclaved liver extract 33 
(9000 xg) dialyzed 
5 _ None 1335 
+ vi 16 
+ 5 ml liver extract (9000 xg) 1445 
autoclaved 5 min. 
_ Idem, but autoclaved 30 min. 1195 
ie — None 564 
— a ‘A 
> 5 ml autoclaved liver extract 616 
a Idem, dialyzed 6 
+ 5 mg coenzyme A 1 
‘i = None 1030 
4 ne 9 
_ 1 ml autoclaved liver extract 45 
+ 3 ml Idem 312 
+ 5 ml 453 
+ 10mg DPN 40 
8 - None 1145 
he “ 27 
_ 1 ml autoclaved liver extract 13 
+ 3 ml Idem ‘236 
a 5 ml ~ 337 
+ 5 ml autoclaved liver extract 292 
incubated 30 min, 
+ Idem, with 2.56 mg RNAse 296 
_ 7» + 2.5mg RNAse 321 
oh = None 1040 
ae ef 0 
+ 10 mg cysteine, glutathione, —=9 
lipoie acid, thioglycollie 
acid, BAL or coenzyme A 
10* — None 909 
+ ”? 3 
+ 10 mg yeast RNA 7 
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TABLE I (continued). 


=—=—=—=———OOOe 


Activity 
of Nst', 
ixp. RNAse Supplement epm/mg 
11 - None 790 

+ ” 2 
fe 15 mg acid-treated yeast RNA 0 
Le = None 514 
+ 4 168 
- DPN replaced with TPN 761 
+ Idem 240 
- 2 mg coenzyme A 625 
4- Idem 7 
= DPN replaced with TPN 904 
+ 2 mg coenzyme A 
+ Idem 5 
- DPN one-half replaced with 647 
TPN 
+ Idem 198 
- DPN one-half replaced with 676 
TPN -+ 2 mg coenzyme A 
+ Idem 6 
te - None 1560 
at ” 3 
= 15 mg ascorbie acid 983 
+ Idem 12 
= 15 mg glutathione 1300 
+- Idem 10 
- 15 mg cysteine 1510 
+ Idem 5 


* Indicates experiments in which supplements 
tested were added prior to RNAse inactivation, 


had an activity of 25. The factor is also 
present in autoclaved liver extracts prepared 
from beef or sheep immediately after killing. 
Autoclaved extracts prepared from beef liver 
purchased on the open market have been in- 
active. The factor appears to be absent from 
distillers’ dried solubles, Bacto yeast extract, 
Bacto peptone, and commercial dried whey 
(see Exp. 3). In view of these results, it may 
be predicted that other natural material that 
has undergone autolysis or self-digestion will 
be inactive. 

Properties. Active preparations of the fac- 
tor usually turn out to be inactive or at least 
less active after dialysis especially when di- 
alyzed against buffer (see Exp. 4 and 6). 
In several experiments it has been possible to 
show a substantial amount of the original ac- 
tivity remaining after dialysis when thor- 
oughly soaked and washed tubing is used and 
the dialysis is carried out against water. At- 
tempts at recovery of activity in the dialysate 
have been unsuccessful. Presumably the fac- 
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tor is essentially nondialyzable but is inac- 
tivated by some unknown mechanism during 
the process. When autoclaved liver extract 
in buffer solution is brought to pH 0.5 and 
held there for 18 hours at 0°C followed by 
neutralization the resulting solution is inac- 
tive. Inactivation is considerably less in 
samples exposed to pH 11. Tentatively 
it would appear that the factor is more 
labile to acid than to alkali. The factor 
appears to be quite stable to heat at neu- 
tral pH. Preparations of liver extract auto- 
claved for 30 min were as active as prepara- 
tions that had been autoclaved for only 5 min 
(see Exp. 5). The factor is not retained by 
a Dowex-1-Cl column. Studies with a weak 
cation exchange resin (IRC-50) have given 
equivocal results but there may be some re- 
tention under defined conditions. The factor 
as encountered in autoclaved liver extract is 
not labile to RNAse digestion (Exp. 8) de- 
spite the fact that the factor restores the syn- 
thetic capacity of liver homogenates that have 
been inactivated with RNAse. An explana- 
tion for this phenomenon is considered later. 

Inactivity of known compounds. Over 30 
known compounds of some biological signifi- 
cance have been examined for activity. None 
has shown activity with the possible exception 
of DPN. In certain experiments large amounts 
of DPN (10 mg per flask) have sometimes 
shown low activity. In other experiments 
autoclaved liver extract has shown activity 
while DPN has been essentially inactive (Exp. 
7). It may be concluded that the factor is 
not DPN, but DPN may be related somehow 
to the phenomenon under study. Large 
amounts of TPN (10 mg per flask) are quite 
inhibitory. When DPN routinely used as a 
supplement in the incubations was one-half 
or completely replaced with TPN, incorpora- 
tion of MVA into NSF was usually slightly 
better than with DPN alone (see Exp. 12). 
Some stimulation with coenzyme A has been 
obtained with DPN or TPN in flasks that did 
not contain added RNAse. With RNAse in 
the presence of DPN or TPN inactivation ap- 
pears to be increased in the presence of CoA. 
The factor under consideration is not, there- 
fore, a mixture of DPN or TPN plus coen- 
zyme A. Intact yeast ribonucleic acid has no 
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activity in the system (see Exp. 10). Simi- 
larly, yeast ribonucleic acid partially hydro- 
lyzed at random with hydrochloric acid after 
the technic of Merrifield and Wooley(5) also 
is inactive (see Exp. 11). 

Discussion. Our data substantiate the hy- 
pothesis that there exists in natural material 
an unknown factor that is involved in and es- 
sential for mevalonic acid utilization. Some 
consideration is in order concerning the 
mechanism of RNAse inactivation of NSF or 
CHL biosynthesis. A previous paper reported 
(3) that inactivation with RNAse was not ob- 
tained with homogenates that had been sub- 
jected to moderate centrifugation (500-9000 
xg) before use. These preparations did, 
however, retain their capacity for NSF and 
CHL biosynthesis. Homogenates that were 
treated with RNAse and then centrifuged at 
9000 xg were inactivated. Treatment of the 
pellet obtained by centrifuging homogenates 
at 9000 xg separately with RNAse did not 
yield an inactivated preparation when this 
digest was added back to the 9000 xg superna- 
tant fraction. These experiments indicate a 
definite role for material sedimentable below 
9000 xg, loosely characterized as ‘‘cell frag- 
ments,” in the mechanism of RNAse inhibi- 
tion and demonstrate that the following 3 
components must be present together for in- 
activation: (a) RNAse, (b) cell fragments, 
and (c) a component of 9000 xg supernatant 
fraction. The most reasonable mechanism of 
inactivation is that there exists an unknown 
component of the 9000 xg supernatant frac- 
tion that is essential for NSF and CHL bio- 
synthesis which in itself is not susceptible 
to RNAse attack but becomes susceptible after 
alteration by a component of the cell frag- 
ment. The hypothesis is presented diagram- 
matically as follows: 


‘Tissue fragment’? enzyme 


X—R-R'+ Y > Y—R-Ri+X 
sa | 
RNAse 
Y-R+R? 
X—-R-R* = essential factor (RNAse insensitive) 
Y—-R-R* = altered factor (RNAse sensitive) 


Y-R-+R' = products of RNAse action 


A number of other explanations have been 
considered and rejected. For example, it may 
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be suggested that the factor of liver extract is 
only an inhibitor of RNAse and is unrelated 
to the synthetic capacity of the system. Since 
the liver extract will restore the synthetic ca- 
pacity of a system after it has been inacti- 
vated with RNAse it is apparent that this 
explanation is incorrect. Similarly, it may be 
suggested that RNAse inactivates by destroy- 
ing the structure of tissue particles. Since 
preparations that have been autoclaved and 
subjected to further chemical manipulation 
have shown activity it is apparent that such 
an explanation also must be rejected. 

It is premature to speculate concerning the 
chemical nature of the factor. Present infor- 
mation would suggest, however, that it is 
some sort of a polynucleotide of high molecu- 
lar weight. All the data thus far obtained 
point up the extreme lability of the substance. 

The hypothesis presented explains the in- 
teresting enigma that to obtain homogenates 
that are highly active in NSF or CHL biosyn- 
thesis a “loose” homogenizer must be used 
(6), yet such homogenates can then be frac- 
tionated by high speed centrifugation and still 
retain high synthetic capacity(7,8). It is 
suggested that homogenization of liver with a 
“tight” homogenizer releases large amounts of 
tissue fragments which in combination with 
“endogenous” RNAse destroy the essential 
factor under discussion here. On the other 
hand, a “loose’’ homogenizer releases enough 
soluble enzyme, small tissue particles as well 
as the present factor to yield preparations with 
high activity even after high speed centrifuga- 
tion. 

A recent paper by Popjak ez al/.(9) reports 
that a microsomal component of liver homo- 
genate which on the basis of some indirect 
evidence may be presumed to be an SH-com- 
pound is essential for cholesterol biosynthesis 
by a dialyzed liver system. Coenzyme A was 
stated to have some activity and the authors 
concluded that “the evidence suggests, but 
does not prove, that the microsomal SH-com- 
pound is coenzyme A.” Possibly the factor of 
Popjak is the same as the one described here. 
If so, the factor is not coenzyme A in view of 
the negative results obtained in this study 
(Exp. 6, 9, 12 and 13). 

With respect to the probable locus of action 
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of the present factor it may be essential di- 
rectly in biosynthetic conversions of MVA or 
it may be required in some “supporting” reac- 
tion, for example, in reduction of DPN or 
TPN. A previous paper(2) reported that 
added MVA or material with microbiological 
activity equal to it accumulates in RNAse- 
treated homogenates. Studies of Rilling et al. 
(10) indicate that in biosynthetic reactions of 
MVA a monophosphate and subsequently a 
diphosphate are formed prior to isoprene(?), 
farnesene(?), and eventually squalene. The 
microbiological activity of these intermediates 
has not been reported but it is suggested that 
the block in MVA utilization accomplished 
with RNAse must be between MVA and the 
first compound in the sequence without sig- 
nificant microbiological activity. The present 
factor may well be a cofactor or phosphate 
donor for MVA phosphorylation. 

Summary. Additional evidence is presented 
for the existence of a new factor essential for 
utilization of mevalonic acid. This factor is 
present in autoclaved extracts of fresh liver 
from several species but absent from auto- 
lyzed liver. It is heat stable but is lost on 
dialysis or exposure to pH 0.5 and to a lesser 
extent by exposure to pH 11.0. A variety of 
biological compounds has been examined for 
activity. No compound thus far studied, in- 
cluding coenzyme A, will replace natural ma- 
terial. 
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Some Properties of Trypsin Inhibitor of Pancreatic Juice. 


(24331) 


Morton I. GRossMAN 
Veterans Admin. Center and Dept. of Medicine and Physiology, University of Calif. Medical Center, 
Los Angeles 


The presence of a trypsin inhibitor in pan- 
creatic juice of dogs was reported by Kalser 
and Grossman(1). The present study is con- 
cerned with further characterization of this 
inhibitor. 

Materials and methods. Materials. Tryp- 
sin and chymotrypsin were crystalline pro- 
ducts purchased from Worthington Biochemi- 
cal Lab. Stock solutions of these enzymes 
were prepared by dissolving in 0.01N HCl and 
then adding an equal volume of glycerol to 
give a final concentration of 1 mg/ml. These 
stock solutions were stored at —20°C and 
showed no deterioration of activity for 6 
months. The trypsin inhibitor prepared from 
pancreatic tissue of cattle by the method of 
Kunitz and Northrop (hereafter designated 
KNTI) was purchased from Pentex Corp. 
Radio-iodinated (I'*!) human serum albumin 
(hereafter designated RISA) was purchased 
from Abbott Labs. Measurement of proteo- 
lytic activity was made by a method devised 
in this laboratory which is based upon release 
from a RISA substrate of radioactivity soluble 
in trichloracetic acid. The substrate was pre- 
pared as follows. To 80 ml of 0.1N NaOH 
was added 0.5 g bovine serum albumin (Ar- 
mour), 10 ucuries of RISA, 36 g of urea and 
10 ml of a 0.02% solution of thimerosal. This 
mixture stood in water bath at 37°C for 1 
hour and then 10 ml of 1 M KH2PO, and 4 g 
of urea were added. To 2 ml of substrate in 
test tube in water bath at 37°C, 1 ml of en- 
zyme solution was added and mixed by shak- 
ing. After exactly 10 minutes 13 ml of 
0.185N trichloracetic acid was added, mixed 
by inversion, allowed to stand 30 minutes and 
then filtered through Whatman No. 3 paper 
into a test tube which could be accommodated 
in the well-type scintillation counter. Blanks 
were prepared by substituting water for en- 
zyme solution. Standards, prepared by ap- 
propriately diluting stock solution of trypsin, 
were performed with each set of determina- 
tions. Radioactivity of samples, blanks and 


standards was determined by noting time re- 
quired to make 12,800 counts in a well-type 
scintillation detector and was expressed as 
counts/minute. The value for the blank was 
subtracted from that of the samples and of 
standards. A standard curve is depicted in 
Fig. 1. Activity of samples was read from 
standard curve and expressed as pgrams of 
trypsin. A similar procedure was followed 
for chymotrypsin, using chymotrypsin stand- 
ards. Preparation of trypsin inhibitor from 
pancreatic juice. Pancreatic juice was col- 
lected from rats(2) eating rat chow ad lib. 
The juice was collected in tubes placed in ice 
bath. An equal volume of 0.3N trichloracetic 
acid was added to the juice and the mixture 
heated in water bath at 80°C for 5 minutes. 
After cooling the mixture was filtered through 
Whatman No. 3 paper. The filtrate was ex- 
tracted 3 times with an equal volume of di- 
ethyl ether to remove trichloracetic acid. The 
residual ether was removed by exposing the 
solution to low pressure in vacuum desiccator 
for 20 minutes. The pH was then adjusted to 
7.5 with 0.5N sodium hydroxide. The solu- 
tion was then lyophilized and yielded approxi- 
mately 20 mg/ml of pancreatic juice. This 
pancreatic juice trypsin inhibitor is hereafter 
designated PJTI. Reagent blanks produced 
no inhibition of trypsin. In experiments in 
which the trypsin inhibitor was to be recov- 
ered from reaction mixtures the procedure 
just outlined was used except that lyophiliza- 
tion was not done. Measurement of trypsin 
inhibitor activity. To a solution containing 
inhibitor was added an equal volume of tryp- 
sin solution containing 40 ng/ml. The mix- 
ture was kept in ice bath 30 minutes, then pro- 
teolytic activity was measured. In another 
tube water was substituted for trypsin inhibi- 
tor solution. The difference in proteolytic 
activity of the 2 tubes, expressed as pg of 
trypsin inhibited, was taken as a measure of 
trypsin inhibitor activity. To take account 
of dilution by trypsin solution, this value was 
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FIG. 1. Standard curve for tryptic activity us- 
ing RISA substrate. 

FIG. 2. Effect of varying concentrations of 
PJTI and of trypsin on degree of inhibition. Each 
tube contained either 10 or 20 yg of trypsin/ml 
plus the indicated amount of PJTI/ml. All mix- 
tures were made up in 0.2m pH 7.5 tris (hydroxy- 
methyl) aminomethane buffer containing 0.05M 
CaCl. 

FIG. 3. Tryptie activity of a mixture of PJTI 
(3 mg/ml) and trypsin (20 wg/ml) at various in- 
tervals after incubation at 37°C. Activity of a 
solution of trypsin without inhibitor is shown for 
comparison. Both mixtures were made.up in 0,2M 
pH 7.5 tris (hydroxymethyl) aminomethane buffer 
containing 0.05m CaCl. 


305 


multiplied by 2 to give trypsin-inhibitor ac- 
tivity/ml of inhibitor solution. 

Results. Effect of varying concentrations 
of PJTI and of trypsin on degree of inhibition. 
Fig. 2 gives the results of an experiment show- 
ing that at the lower concentrations of PJTT, 
the amount of trypsin inhibited is proportional 
to concentration of PJTI and independent of 
concentration of trypsin. 

Digestion of PJTI by trypsin and chymo- 
trypsin. Pancreatic juice trypsin inhibitor 
was completely destroyed by incubation with 
trypsin or chymotrypsin. The Kunitz-North- 
rop inhibitor was resistant to such treatment. 
Results of an experiment illustrating this point 
are given in Table I. Carboxypeptidase did 


TABLE I. Susceptibility of KNTI and PJTI to 
Digestion by Trypsin or Chymotrypsin. 


Reaction mixture ug trypsin 
inhibited/m] 

KN LE eee iL, ue CH, reaction 

ug/ml mg/ml mg/ml mg/ml mixture 
80 27 
80 3) 29 
80 5 30 
10 29 
10 5 0 
10 3) 0 


KNTI = Kunitz-Northrop trypsin inhibitor. 

PJTI — Pancreatic juice trypsin inhibitor. 

== Trypsin. 

CH = Chymotrypsin. 

All reaction mixtures were made up in 0.2m pH 
7.5 tris (hydroxymethyl) aminomethane buffer. 
They were incubated at 37°C for 2 hr and then 
extracted for trypsin inhibitor. 


not inactivate either inhibitor. The time 
course of digestion of PJTI by trypsin is in- 
dicated by the experiment depicted in Fig. 3 
in which increase in activity of a mixture of 
PJTI and trypsin with time is taken as a 
measure of rate of digestion of the inhibitor. 
Inhibition of chymotrypsin by PJTI. PJTI 
failed to inhibit the activity of chymotrypsin 
even when an amount twice as great as that 
needed to inhibit an equivalent amount of 
trypsin was used. Under the same circum- 
stances KNTI produced marked inhibition of 
chymotrypsin. Table II gives the results of 
experiment documenting these statements. 
Trypsin inhibitor from pancreatic tissue. 
An homogenate of dog pancreas in water was 
treated by the same method as that used for 
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TABLE II. Inhibition of Trypsin and Chymotryp- 
sin by KNTI and PJTI. 


Reaction mixture 


Ales CH, KNTI, PJTI, Proteolytic 
mg/ml mg/ml pg/ml mg/ml activity 
20 20 
20 10 0 
20 5 6 
20 20 
20 10 9 
20 10 20 


Pry psi; 

CH — Chymotrypsin. 

KNTI = Kunitz-Northrop trypsin inhibitor. 
PJTI — Pancreatic juice trypsin inhibitor. 


preparing PJTI. This material inhibited 
trypsin (102 pg of trypsin inhibited/g wet 
weight of pancreas), was destroyed by incu- 
bation with trypsin or chymotrypsin, and 
failed to inhibit chymotrypsin. Thus, in re- 
gard to these properties, it was identical to 
PJTI. Similar extracts prepared from liver, 
small intestinal mucosa, muscle, and blood 
serum produced no inhibition of trypsin. 


Discussion. In the original report on PJTI 
(1) the inhibitor could not be found in pan- 
creatic juice which had been activated by en- 
terokinase. This can now be explained by 
our finding that PJTI is susceptible to diges- 
tion by trypsin and chymotrypsin. Laskow- 
ski and associates(3,4) have systematically 
studied a variety of trypsin inhibitors includ- 
ing KNTI, another inhibitor prepared from 
pancretatic tissue by the method of Kazal 


et al.(5), blood plasma inhibitor, ovomucoid, 
soy bean inhibitor, and colostrum inhibitor. 
Only 2 of these inhibitors, Kazal’s and ovo- 
mucoid, exhibited the properties described 
here for PJTI, namely inactivation by tryp- 
sin and failure to inhibit chymotrypsin. It is 
noteworthy that the inhibitor obtained from 
pancreatic tissue by simple extraction with 
trichloracetic acid has the properties of 
PJTI and not of KNTI, since both of these 
inhibitors are soluble in trichloracetic acid. 
On the basis of the properties studied to date 
Wazal’s inhibitor and PJTI appear to be 
identical. 

Summary. The trichloracetic acid filtrate 
of rat pancreatic juice contains an inhibitor 
of trypsin which does not inhibit chymotryp- 
sin. The inhibitor is inactivated by trypsin 
and chymotrypsin. 
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Effect of Time of Injection on Removal of CA-45 and SR-85 by 


Peritoneal Lavage.* 


(24332) 


Roy V. TALMAGE AND J. R. Exxiottt 
Department of Biology, Rice Institute, Houston, Texas 


Prior studies of ability of bone to supply 
calcium continuously to extra-osseous areas 
using the technic of peritoneal lavage, indi- 
cated that following parathyroidectomy in 
nephrectomized rats, amounts of calcium re- 


* Aided in part by grant from Atomic Energy 
Comm. 

+ Present address: Department of Biochemistry, 
Jefferson Davis Hospital, Houston, Texas. 


moved/hour fell to about 60% of that re- 
moved in parathyroid - intact controls(1). 
Additional studies(2) demonstrated that 
amounts of calcium removed could be in- 
creased significantly by addition of citrate to 
lavage rinse. In contrast, no_ significant 
changes in amounts of radiocalcium removed 
could be detected when radioactivity was in- 
jected 24 to 48 hours prior to start of lavage 
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(3,4). These data were interpreted as indi- 
cating that parathyroid hormone and citric 
acid removed calcium from deeper areas of 
bone rather than from those portions in ready 
contact with extracellular fluid, whereas in 
the absence of parathyroids the major portion 
of calcium supplied by bone came from the 
more readily available surface areas of bone. 
The present studies were performed utilizing 
Sr** in addition to Ca*®. Radiostrontium was 
used as indicator of calcium turnover in bone. 
Previous studies have shown only minor dif- 
ferences in removal of Sr*° and Ca* from 
bone by peritoneal lavage(5). The primary 
difference was a slight preferential removal of 
strontium during continual lavage. Because of 
its different type of nuclear emission, radio- 
strontium provided a check against the more 
difficult radiotechnics in handling Cat’. A 
2-3 week delay between radioisotope injection 
and lavage procedure was used to allow radio- 
activity to become generally distributed 
throughout bone. If parathyroid hormone 
and administered citrate removed calcium 
from the deeper areas of bone, amounts of ra- 
dioactivity removed by lavage should parallel 
total calcium removal. 

Methods. Male Holtzman rats, weighing 
between 225 and 275 g were used; however, 
for any one experiment, the weight range was 
25 g. Animals were on a calcium deficient 
diet for 3 days prior to use. Total nephrec- 
tomy was performed through a mid-ventral 
incision 24 hours prior to lavage. Parathy- 
roids were removed individually at indicated 
time after start of continuous lavage. Opera- 
tions were performed under nembutal or light 
ether anesthesia. As in previous studies de- 
scribing lavage procedure in detail(1) “rinse” 
refers to fluid placed in the animal and ‘“‘wash” 
refers to fluid collected from peritoneal cavity 
after stated equilibration periods. The peri- 
toneal rinsing fluid was a calcium-phosphate 
free .85% NaCl solution containing 1.5% 
dextrose. Radiostrontium was administered 
in doses of 3-5 wc; radiomeasurements made 
with a Nal scintillation counter. Radiocal- 
cium doses were 10-20 wc, and measurements 
made with a gas flow counter and corrected 
for self absorption. For comparative pur- 
poses, radioactivity removed during first lav- 
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PK 
C+ Citrate 


Ma Calcium per 100 mt 


3 
FIG. 1. Removal of Sr® and stable calcium by 
peritoneal lavage. Sr® inj. 24 hr prior to lavage. 
Animals parathyroidectomized during second wash, 
citrate added beginning with second wash. Avg 


nar ae 


stand. error ( ‘SlOB = ae ) of all points 
Vy n(n-1) 

in 1A — 5% of values (max—10%). Avg stand. 

error of points in 1B = 3% of values (max—5%). 


age period was set at 1000 for each animal, 
and all other values for that animal adjusted 
relative to that value. Total calcium analyses 
were made with flame spectrophotometer as 
described previously (3). 

Results. Data from experiments involving 
removal of radiostrontium injected 24-48 
hours prior to lavage are shown in Fig. 1. 
Neither parathyroidectomy nor administra- 
tion of citrate affected the amount of radio- 
activity removed by lavage procedures (Fig. 
1A). Total calcium removed, however, fell 
to about 60% of control values following 
parathyroidectomy. Addition of citrate to 
rinsing solution produced an opposite effect, 
increasing significantly the rate of calcium 
removal (Fig. 1B). 

Results of experiments in which radioac- 
tivity was injected 2-3 weeks prior to lavage 
are shown in Fig. 2 and Table I. No differ- 
ences in total calcium removal were seen, fig- 
ures shown in Table I being similar to data 
in Fig. 1B. In contrast, considerable differ- 
ences were seen in radiostrontium removal 
(Fig. 2) and radiocalcium removal (Table I). 
Here changes in rate of removal of radioactiv- 
ity parallel total calcium removal seen in 
Fig. 1B. 

Discussion. These studies extend previous 
work(2,3) and provide additional evidence 
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TABLE I. Removal of Ca** Injected 2 to 3 Weeks Prior to Peritoneal Lavage. 


——————— sss 


Exp.con- No. of 


————— 60’ washes ——————___, 


Lavage periods 
7—— 90’ washes——— 


dition*® animals 1 3 4 5 6 
Radioactivit Neph 5 1000 914+12 886+31 887+ 29 1034 + 30 1045 + 30 
in wae PTX 4 Hs 937 +26 740+42 7214 23 789 +27 844+ 48 
Cit 4 2 925+ 28 919+19 1060 + 27 1328 +40 1305 + 44 
Total calcium, Neph 5 52+ .27 50+.18 504.14 50+.13 624 .27 6.3 + .37 
mg Ca/100ml PTX 4 52+ 28 50+ .16 3.8+ .22 3.7 + .07 46+ .04 48+ .09 
Cit 4 49+ 21 49+ .15 514.39 6324.14 79+ 46 7.5+.49 


* PTX — parathyroidectomized during second lavage period. Cit = citric acid (25 mg %) wash 
started with second lavage period. Neph = nephrectomized only. 


Radioactivity of 1st wash set at 1000, all other values given relative to first wash. 


Se 
Values given with S.H.=-= | ———_. 
n(n-1) 


that calcium is removed from bone by 2 
processes. The basic process appears to be an 
equilibrium between the fluid media of body 
and the readily available calcium of bone 
(those areas which radiostrontium and radio- 
calcium are able to penetrate immediately 
after injection). This is shown by failure 
of parathyroidectomy or citrate administra- 
tion to influence Sr®° removal rates when the 
isotope was injected shortly before lavage, 
even though total calcium removal was mark- 
edly altered. These data substantiate earlier 
studies(3,4) which used Ca?°. 


The second process for calcium removal ap- 
pears to involve action of parathyroid hor- 
mone on deeper areas of bone. Citric acid 


1300 c p= 
CODE 


C.-Citric Acid 
1200 PPIX 


c 


1100 
* Ss Control Base Line - Fig. VA a 
1000 c xem ere ae =< 


Activity pec mt” 


Sc 
~ 


Hovrs-of Lavage 


FIG. 2. Effect of time of inj. on Sr® removal by 
peritoneal lavage. Sr® inj. 8 wk prior to lavage. 
Animals parathyroidectomized during second wash, 
citrate added beginning with second wash. Avg 
stand. error of all points = 5% of values. The 
following comparisons are signifieant (p <.01): 
(1) Radioactivity removed after 3rd hr of lavage 
in animals parathyroidectomized vs those nephree- 
tomized only. (2) Radioactivity removed after 4th 
hr of lavage in animals given citrate rinse vs those 
nephreetomized only, 


also appears to remove calcium from these 
areas. This is indicated by the parallel (but 
not necessarily equivalent) changes due to 
parathyroidectomy or citrate administration 
seen in removal of total calcium and both 
Sr®° and Ca*® when the activity was injected 
2-3 weeks prior to lavage. These experiments 
also demonstrate the close relationship be- 
tween citric acid and parathyroid hormone. 
Summary. 1) By use of peritoneal lavage, 
removal of Sr®° and Ca*® from bone has been 
studied relative to time of injection of radio- 
activity. Earlier studies had shown that para- 
thyroidectomy or addition of citrate to lavage 
rinse had no effect on removal of radiocal- 
cium injected 24 to 48 hours prior to start of 


lavage. In these experiments, similar results 
with radiostrontium substantiated — earlier 
studies. In addition, experiments in which 


radioactivity, both calcium and strontium, re- 
mained in the animal 2 to 3 weeks before lav- 
age procedures were done. In these experi- 
ments, parathyroidectomy reduced amount of 
radioactivity removed, while addition of cit- 
rate to the rinse increased it. Under these 
situations, therefore, changes in rate of re- 
moval of radioactivity paralleled changes in 
removal of total calcium. 2) These experi- 
ments are additional evidence that calcium is 
removed from bone by 2 processes, one pos- 
sibly an equilibration phenomenon between 
fluid media of body and those portions of bone 
with which it is in closest contact. The second 
is removal of calcium from deeper areas of 


bone, under the influence of hormone of the 
parathyroids, 
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Ultra-Violet Motion Picture Studies of Effects of ‘Ribonuclease and 


Deoxyribonuclease on Living HeLa Cells.* 


(24333) 


P. O’B. MonTGoMERY AND W. A. BONNER 
Dept. of Pathology, University of Texas Southwestern Medical School, Dallas, Texas 


The technic of time lapse motion picture 
photography by means of the ultra-violet fly- 
ing spot television microscope has been previ- 
ously described by the authors(1-4). With 
this technic it is possible to obtain time lapse 
motion pictures of undamaged living cells as 
they appear when illuminated with ultra-vio- 
let light at 2600 A. The motion pictures thus 
obtained represent principally the nucleic acid 
absorption images of the living cells. The 
typical appearance of the undamaged inter- 
mitotic HeLa cell obtained with this technic 
has been reported(2,4). It seemed of some 
interest to utilize this technic to record the 
effect of ribonuclease and deoxyribonuclease 
on U.V. absorption images of living HeLa 
cells, and this communication reports the re- 
sults of this study. 

Methods. The time lapse ultra-violet mo- 
tion pictures were obtained by recording on 
one film frame the ultra-violet absorption 
image obtained by exposing the living cell to 
one complete one second scan of ultra-violet 
emitting cathode ray scanner tube employed 
as an illuminating source in this technic. 
During the following one second scan the 
scanner tube raster was electronically blanked 
so that no emission of ultra-violet occurred. 
This one second interval was utilized for the 
purpose of pulling the next camera film frame 
into position. The ultra-violet absorption 
image of the living cell produced by the fol- 
lowing one second sweep of the ultra-violet 
scanner tube was then recorded on the new 


* This work was supported by Damon Runyon 
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film frame following which the entire cycle 
was repeated. In this way the living cells 
and the film frame were only exposed to the 
scanning spot of ultra-violet light on alternate 
one second sweeps. HeLa cells were studied. 
They were prepared on quartz flying cover slip 
preparations in a media consisting of Hank’s 
balanced salt solution, human ascitic fluid and 
embryo extract. The cultures were studied on 
either second or third day after sub-culture 
and all cultures contained vigorous healthy 
cells when examined by phase microscopy. 
These cover slip preparations were then pre- 
pared for study by mounting them on quartz 
slides in Hank’s balanced salt solution con- 
taining ribonuclease or deoxyribonuclease. 
Three concentrations of ribonuclease were 
used, % mg/ml, 1 mg/ml, and 2 mg/ml. Two 
concentrations of deoxyribonuclease were 
used, 1 mg/ml and 4 mg/ml. The quartz 
slide cover slip preparations were then placed 
in the ultra-violet flying spot television micro- 
scope where they were kept at 37%4°C and 
observed and photographed continuously for 
6 hours. Replicate cultures were placed in 
the identical ribonuclease and deoxyribonu- 
clease solutions and in Hank’s balanced salt 
solution alone and were similarly incubated 
at 37%4°C. Samples of each of these latter 
cultures were then removed at 1, 2, 4 and 6 
hours and fixed in osmic acid and formalin. 
Following this fixation they were stained with 
Methyl-green-Pryonin, with Azure Blue B, 
and with the Fuelgen stain. 


Results. When living HeLa cells were in- 
cubated in a solution containing % mg of 


310 


ribonuclease per ml of Hank’s balanced salt 
solution and then studied for 6 hours by time 
lapse ultra-violet motion pictures, the follow- 
ing changes were noted. For approximately 
the first hour the cells tend to shrink slightly 
in size by simply assuming a more rounded 
form. During the second hour of incubation 
the cells rather rapidly expand by flattening 
themselves out against the cover slip. In 
this process the nucleus tends to flatten 
slightly, however, the bulk of the change is a 
cytoplasmic one. At about the end of the 
second hour of observation the cells reached 
their maximum size. At this time they were 
about 3 times their original diameter. The 
cytoplasmic absorbing material was now dis- 
tributed throughout a much thinner area, 
hence any given area of the cytoplasm showed 
less absorption than when the cells were in a 
more rounded state. The cytoplasmic ab- 
sorption was greatest in the perinuclear area. 
In the expanded round flattened out cell it 
virtually completely disappeared before the 
cell membrane was reached. Clustered about 
the nucleus in the cytoplasm of the typical 
HeLa cell were small round absorbing drop- 
lets which showed a continuous random move- 
ment. The borders of the typical round cell 
showed active pinocytosis all during the 
process of contraction and expansion. The 
cells then remained in essentially this state for 
the next 3 hours. After approximately 5 hours 
incubation the cells began to slowly contract 
again, accompanied by a loss of pinocytosis 
and by a clumping of the absorbing cytoplas- 
mic droplets. For the next half hour the cells 
slowly continued to contract into small round 
balls. In the end they remained as motion- 
less contracted small masses about twice the 
diameter of the original nuclei. During the 
entire experiment the nucleoli did not change 
in number, size, shape, appearance, or absorp- 
tion, and the nuclei remained similarly un- 
changed. 

When the cells were incubated with a con- 
centration of 1 mg/ml or 2 mg/ml of ribonu- 
clease, the same changes were observed, al- 
though they appeared to be somewhat acceler- 
ated with increasing concentrations of enzyme. 

It is interesting that the above changes oc- 
curred primarily in cells that were more or 
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less round in shape and that displayed active 
pinocytosis over their entire periphery. Cells 
which were spindle shaped and showed pino- 
cytosis principally at their ends appeared to 
be little changed by the action of the enzyme 
until collapse ensued, which sometimes re- 
quired as long as over-night incubation. 

When the replicate cultures containing all 
concentrations of the enzyme and the controls 
were studied histochemically for basophilic 
material, it was found that the cells exposed 
to the enzyme for 3 hours or longer contained 
no cytoplasmic basophilic material. With all 
concentrations of the enzyme the basophilic 
material was not completely removed from the 
nuclei or the nucleoli. In the case of the cells 
incubated in 2 mg/ml of ribonuclease for 6 
hours prior to fixation and staining, the nuclei 
assumed an appearance quite different from 
normal. This change was characterized by 
the appearance in the nucleus of basophilic 
bars and strands of material which were of 
varying size and shape. These bars were fre- 
quently anastomotic and gave a heavy reticu- 
lated appearance to the nuclei. The vast ma- 
jority of the cells showed this change in these 
circumstances. Similar changes were rarely 
if ever encountered in controls or in other 
preparations containing lesser concenrtations 
of ribonuclease. 

When cells were incubated in 2 mg/ml of 
ribonuclease and observed for 7 hours with 
phase contrast microscopy similar cytoplas- 
mic changes to those described before were en- 
countered, but the above described nuclear 
changes were not observed. 

In the case of cells incubated with 1 mg/ 
ml and 4 mg/ml of deoxyribonuclease there 
were no changes at the end of 6 hours of ultra- 
violet time lapse motion picture photography. 
In all cases the size and appearance of the 
cells, their nuclei and nucleoli, and their ul- 
tra-violet absorption remained the same 
throughout the course of the observations. 
When replicate cultures and controls were 
fixed and then subjected to the Fuelgen pro- 
cedure, it was discovered that no Fuelgen 
positive material was present in the nucleus 
at the end of 3 hours of incubation. 

Discussion. Ribonuclease is an enzyme 
which produces intramolecular transphos- 
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phorylation followed by hydrolysis in the in- 
ternucleotide bonds of ribonucleic acid. This 
biochemical reaction prevents the staining af- 
finity of the ribonucleic acids for the basic 
dyes but does not alter the ultra-violet ab- 
sorption spectrum of the enzymatically at- 
tacked ribonucleoprotein(5). This latter ob- 
servation was confirmed by this study and 
extended to include the fact that cell activity 
continued in a morphologically normal way 
for as long as 2 hours after enzymatic action 
was known to have reached a point where the 
cytoplasmic affinity for basic dye staining was 
completely prevented. Brachet has reported 
that living amoebae exposed to concentrations 
of ribonuclease of the order of 1 mg/ml show 
a modification in shape of the nucleoli after 
15 minutes followed by a swelling of the nu- 
cleus and nucleoli at the time that basophilia 
disappears from the nucleolus(6). In view 
of these observations measurements of nuclear 
size and nucleolar size were made throughout 
our experiments and no significant changes 
were observed until the cells collapsed and 
assumed a pyknotic appearance, despite the 
fact that the cytoplasm was without affinity 
for the basic dyes for as long as 2 hours prior 
to this collapse. Chevremont e¢ el. have re- 
ported that incubation of living cells in ribo- 
nuclease induces a pseudo prophase appear- 
ance in the nucleus(7). This phenomenon 
was observed by us only in the case of the 
fixed and stained preparations and then 
usually only after 6 hours of incubation in the 
highest concentrations of ribonuclease. It was 
not observed by us in similar but living cul- 
tures with either phase microscopy or with 
the use of the ultra-violet flying spot televi- 
sion microscope. 

Deoxyribonuclease is considered to de- 
polymerize deoxyribonucleoprotein to oligo- 
nucleotides following which the Fuelgen stain- 
ing procedure becomes negative(8). Kunitz 
has reported that this procedure is accom- 
panied by an increase, amounting to as much 
as 30%, in the ultra-violet absorption of DNA 
at 2600 A(9). In the studies reported here 
no change in nuclear appearance or ultra-violet 
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absorption of living HeLa cells was noted for 
as long as 2 hours after the Fuelgen stain was 
known to be completely negative in the nu- 
cleus, including the area immediately around 
the nucleolus. In fact, no changes occurred 
in morphologic appearance of ultra-violet ab- 
sorption of the cell until it became pyknotic 
after 24 hours of incubation in the deoxyribo- 
nuclease. 


Summary. 1) Living HeLa cells were in- 
cubated in various concentrations of ribonu- 
clease and deoxyribonuclease and their ultra- 
violet absorption characteristics were followed 
for 6 hours by means of time lapse motion 
pictures obtained with the ultra-violet flying 
spot television microscope. 2) No change in 
ultra-violet absorption images of cells was 
detectable as long as 2 hours after the time 
that replicate cultures demonstrated a loss 
of affinity of cytoplasm for basic dyes and 
the nuclei were negative with Fuelgen stain. 
3) Living HeLa cells react to incubation in 
ribonuclease by first shrinking slightly and 
then expanding their cytoplasm markedly. 
4) Prolonged incubation of HeLa cells in 
either enzyme eventually produces collapse 
and pyknosis of all of the cells in the culture. 


We wish to thank Mrs. Dorothy Robbins for prep- 
aration of tissue cultures and Miss Nancy Arnold for 
performance of histochemical procedures. 
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Susceptibility and Cross-Resistance of Bacteria to Four Related Antibiotics: 


Kanamycin, Paromomycin, Neomycin and Streptomycin. 


(24334) 


Catvin M. Kunin, CLARE WILcox, ANN NAJARIAN AND MAXWELL FINLAND* 
Thorndike Memorial Laboratory, Second and Fourth (Harvard) Medical Services, Boston City 
Hospital and Dept. of Medicine, Harvard Medical School, Boston, Mass. 


Kanamycin is an antibiotic derived from 
the fermentation products of Streptomyces 
kanamyceticus ;+ it has been shown to consist 
of 2 amino sugars linked glycosidally to 2- 
desoxystreptamine and it differs only slightly 
from that of neomycin and has much in com- 
mon with that of streptomycin(2). The 
structure of paromomycin has not been re- 
vealed but it probably also resembles that of 
neomycin. It was therefore of interest to 
compare the activity of these 4 antibiotics 
against a number of strains of different organ- 
isms in vitro and to study the cross-resistance 
of strains obtained from patients and of some 
organisms made resistant to the individual 
antibiotics in vitro. 

Materials and methods. The antibiotics 
were all used as sulfates and were supplied as 
follows: kanamycin? (Kantrex) by Bristol 
Laboratories; neomycin (Mycifradin) by Up- 
john Co.; paromomycin (Humatin, formerly 
also called Humycin) by Parke-Davis & Co.; 
and streptomycin by Chas. Pfizer & Co. 
Aqueous solutions containing 8 pg/ml were 
prepared every 2 or 3 weeks, distributed in a 
number of tubes and kept frozen at —25°C; 
individual tubes were thawed and used each 
day. Tests for sensitivity and for cross-re- 
sistance were carried out on the surface of 
heart infusion agar, pH 7.2, containing 2-fold 
dilutions of antibiotic. A loopful of an over- 
night culture in broth was used as inoculum; 
incubation was carried out at 37°C, and read- 
ings made routinely at 24 hours. The mini- 
mum concentration of antibiotic on which 
~* Aided by grant from Nat. Inst. of Health, 
US?.ES. 

+ Available information about kanamycin was pre- 
sented in detail at conference July 9 and 10, 1958, 
at N. Y. Acad. Sc. 

t The lot of kanamycin (57K185) used was an 
early one and contained about 20% kanamycin B, 
which is said to have similar activity but more tox- 
icity than kanamycin A which constitutes more than 
95% of current lots. 


there was no visible growth, or growth that 
was barely perceptible with aid of hand lens 
was the endpoint. Increases in resistance to 
individual antibiotics were accomplished by 
subcultures made at 2-day intervals, using 
suspensions of organisms from the surface of 
the agar containing highest concentration of 
that antibiotic on which growth was essen- 
tially uninhibited and transferring to another 
series of plates as in the test for sensitivity. 
At third subculture, in homologous antibiotic, 
suspensions were also tested for sensitivity to 
the other 3. To obtain fecal strains from pa- 
tients receiving antibiotics, a small amount of 
feces was suspended and homogenized in 
large volume of broth, centrifuged briefly at 
low speed to remove gross solid particles and 
the supernatant centrifuged again at higher 
speed to sediment the bacteria; this sediment 
was used to inoculate antibiotic-free agar and 
colonies from resulting growth were picked, 
subcultures in broth and used in tests for sen- 
sitivity to all 4 antibiotics simultaneously, as 
were all strains used in comparisons. Obser- 
vations on method. Effect of inoculum size. 
Two inocula were compared in simultaneous 
tests on agar, using all 4 antibiotics and 12 
strains of Klebsiella and Aerobacter; a 2 mm 
loopful of undiluted cultures was compared 
with a similar loopful of the same cultures di- 
luted 1:100 in broth. The endpoints were 
usually the same although growth just beyond 
the endpoint was greater from the larger in- 
oculum. Comparison of agar- and broth-dilu- 
tion methods. Five strains of Klebsiella and 
Aerobacter were tested simultaneously by the 
agar dilution method and by a 2-fold dilution 
method in brain-heart infusion broth using an 
inoculum of about 10° organisms/ml. Read- 
ings of visible growth were made of both 
tests at 24 hours and subcultures from broth 
to antibiotic-free agar were incubated 24 
hours; broth cultures were reexamined at 48 
hours. In tests with kanamycin, paromomy- 
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TABLE I. Inhibition of Various Organisms by 4 Related Antibiotics. 


No.of Anti- Minimum inhibiting cone., ~g/ml—,, 
Organism* strains biotict >100 100 50 202 2,5 CBee rot LOSS wece 
, % of strains 
aphylococeus aureus 210 SS) 56.2 8.6 4.3 1.9 8.6 13.8 6.2 5 
(B.C.H.) 187 N 5 27.8 47.6 16:60 97:0 eo 
72 P 61.6 29.7 5.8 1 silks 
169 K 189) 01.5 35.5 ee 2.4 1.2 
Escherichia coli (path- 80 S 24 0 0 4 49 21 3 
ogenic types, from 80 N 1 16 78 5 
C.D.C.) 80 P 5 63 28 5 
80 K a 0 3 70 24 3 
Aerobacter (20strains 40 ) 15} 0 3t 3 20 35 25 
each of A. aerogenes 40 N 13 48 38 3 
& A. cloacae, from 40 P 8 38 35 20 
C.D.C.) 40 K 43 35 18 5 
Klebsiella (prototypes 73 8 12 0 0 0 3 30 47 6 3 
of all types, from 73 N 1 0 0 41 44 11 3 
C.D.C.) 73 P it 0 4 16 41 26 10 1 
7 K ul i 4 15 48 22 7 1 
Klebsiella-Aerobacter aa ) 50.5 5.4 3.6 9 4.5 15.3 9.0 S:2ie an 
recent isolates, 111 N Oe LOLS aee: 21.6 54 3.6 
B.C.H.) 111 re 7.2 180 4.05 261 5.4 2.7 
111 K 45 L171 36.9 30.6 asc oLO 
Proteus, species (re- 32 Ss 31 0 13 47 9 
cent isolates, 32 N 28 53 16 3 
B.C.H.) 32 1s 34 25 31 4) 
32 K 22 59 13 3 3 
Pseudomonas (recent 24 Ss 38 29 29 4 
isolates, B.C.H.) 24 N 96 4 
24 P 100 
24 K 100 
* B.C.H. = Boston City Hosp., isolated from infected sources in patients; C.D.C. = Communicable 


Diseases Center, U.S.P.H.S., Chamblee, Ga. (obtained through courtesy of Dr, P. R. Edwards). 
+S = streptomycin; N = neomycin; P — paromomycin; K = kanamycin. 


¢ These were all A. cloacae. 


cin and neomycin, endpoints of growth were 
nearly all identical; however, when growth 
was barely detectable with aid of lens on agar, 
there was usually no visible growth in broth 
containing the same concentration of anti- 
biotic. With streptomycin, however, 2-fold 
greater concentrations of antibiotic were re- 
quired to inhibit organisms in broth than on 
agar, and growth was obtained on subculture 
to antibiotic-free agar from 1 or 2 tubes be- 
yond the endpoint at which there was no vis- 
ible turbidity of the broth at 24 hours. The 
experiment was repeated with 8 strains of 
Proteus and subcultures to antibiotic-free agar 
also after 48 hours. Again, endpoints in broth 
and on agar at 24 hours agreed within a single 
2-fold dilution in tests with kanamycin, paro- 
momycin and neomycin; wider variations, 
however, were exhibited with streptomycin, 
some growing in 4- or 8-fold greater concen- 


trations in broth than on agar. The endpoints 
of growth (or viability) in subcultures to an- 
tibiotic-free agar after 24 and 48 hours, as 
well as endpoints in broth at 48 hours varied: 
in two-thirds of the tests these endpoints were 
the same as in broth at 24 hours, or varied 
only by a single 2-fold dilution; in others, 
growth occurred on 2 and occasionally 3 fur- 
ther dilutions after the subculture or after the 
longer period of incubation. 

Results. Susceptibility of selected groups 
of bacteria. Results of tests for sensitivity of 
various bacteria are summarized in Table I. 
High degrees of resistance, indicated by essen- 
tially uninhibited growth on agar containing 
antibiotic in concentrations of 100 ng/ml, were 
observed only to streptomycin; about one- 
half of the strains of staphylococci and the 
Klebsiella-Aerobacter group isolated here, and 
smaller proportions of Pseudomonas and of 
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coliform organisms were streptomycin-resis- 
tant. Nearly all strains of Pseudomonas were 
also resistant to neomycin, paromomycin and 
kanamycin, and one strain of E. coli was re- 
sistant to kanamycin; the possibility of pre- 
vious exposure of the latter to neomycin can- 
not be ruled out, but it could not have been 
exposed to either kanamycin or paromomycin. 
The streptomycin-resistant strains showed no 
cross-resistance to the other 3 antibiotics, but 
the kanamycin-resistant strain of EF. coli was 
also streptomycin-resistant and required 50 
ng/ml of paromomycin and of neomycin to 
inhibit it. Susceptible strains were nearly all 
about equally sensitive to neomycin, paromo- 
mycin and kanamycin, although some of the 
staphylococci were more susceptible to neo- 
mycin, and some of the Klebsiella and Aero- 
bacter were more sensitive to kanamycin than 
to the other 2 antibiotics. Some strains of 
Pseudomonas varied in susceptibility to strep- 
tomycin, but were resistant to the other anti- 
biotics, most of them growing to 400 pg/ml. 
Cross-resistance in vitro. This was studied 
in 4 strains originally sensitive to all 4 anti- 
biotics; 2 of Staph. aureus, of which one 
(Staph. 209P, phage type 42D) was sensitive 
to penicillin and tetracycline and the other 
(Staph. A27, phage type 52,42B,80/81) re- 
sistant to them, a strain of K. pneumoniae, 
type 1(A) and the McLeod strain of EF. coli 
(type 054) were used, each was subcultured 
serially on agar containing increasing concen- 
trations of the 4 antibiotics. Susceptibility 


K PNEUMONIAE, A 


SUSCEPTIBILITY 10. 


KANAMYOIN 
NEOMYCIN ssn 
STREPTOMYCIN — — — 
PAROMOMYCIN ~~~—~— 


MINIMUM INHIBITING CONCENTRATION, MICROGM. PER ML 


STAPHYLOCOCCUS A27 7) E COLI, MoLEOD 


oe Flea i ae 
NUMBER OF SUBCULTURES ON AGAR CONTAINING KANAMYCIN 

FIG. 1. Resistance and cross-resistance resulting 

from repeated subcultures in presence of kanamy- 

ein. 


KANAMYCIN, PAROMOMYCIN, NEOMYCIN AND STREPTOMYCIN © 


wu 


K, PNEUMONIAE, A 


SUSCEPTIBILITY TO 


INHIBITING CONCENTRATION, MICROOM PER 


MEOMYCIN 
STREPTOMYCIN — — — 
PAROMOMYCIN -~~——~ 
KANAMYCIN: 0 00 = 


MIniMUM 


€ COLI, McLEOO 


STAPHYLOCOCCUS A27 


Ne a ana Te 
10 8 20 0 s 0 's 20 


NUMBER OF SUBCULTURES ON AGAR CONTAINING NEOMYCIN 


FIG. 2. Resistance and cross-resistance resulting 
from repeated subcultures in presence of neomycin. 


of these strains to the homologous antibiotic 
after each subculture and to the other 3 after 
each third subculture is depicted in Fig. 1-3; 
results with paromomycin resembled those 
shown in Fig. 1 for kanamycin. The results 
indicate that resistance to the homologous an- 
tibiotic (heavy solid line) developed to a 
high degree within the first 5 to 10 subcultures 
in each instance. Cross-resistance among neo- 
mycin, paromomycin and kanamycin occurred 
in the early subcultures and, in most- in- 
stances, was virtually complete. On the other 
hand, cross-resistance to streptomycin in the 
strains that had become resistant to the other 
3 antibiotics, developed more slowly and was 
less complete, except in Staph. A27. Also, 
streptomycin-resistance resulting from ex- 
posure to that antibiotic was accompanied by 
lesser increases in resistance to each of the 
other 3 antibiotics and this was true for all 4 
strains (Fig. 3). 

Effect of resistance on phage types of 
staphylococci and on serologic specificity of 
coliform organisms. Phage types of parent 
and corresponding resistant staphylococci 
were identical, as were serological types of 
parent and corresponding resistant strains of 
K. pneumoniae and E. coli.§ 

Cross-resistance in strains from patients. 
Table II lists results of tests on strains iso- 


§ We are indebted to Dr. Harry Shwachman, Chil- 
dren’s Medical Center, Boston, for phage typing of 
staphylococci and to Dr. W. H. Ewing of the Com- 
municable Disease Center, Chamblee, Ga., for sero- 
logical typing of coliform organisms. 
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TABLE II. Susceptibility of Organisms Isolated from Feces of Patients during Oral Admin- 
istration of Paromomycin or Kanamyein; 6 Cases. 


-——Therapy—, -——Minimum inhibiting cone., wg/ml—, 
Antibiotie Days Organism 8 N P K 
P 7 A. aerogenes >100 > 100 > 100 > 100 
i z B. fecalis alkaligenes  >100 >100 >100 >100 
-P 7 E. coli 3.1 25 >100 >100 
6.3 25 100 ve 
3.1 25 >100 “4 
K 5 A. aerogenes 100 12.5 6.3 100 
, 6.3 12.5 < 
vi 6.3 6.3 fi 
K 3 - 12.5 25 50 >100 
10 3.1 50 >100 of 
10 ”? ” ” ” 
K 3 6.3 12.5 25 >100 


S = streptomycin; N = neomycin; P = paromomycin; K — kanamycin. 


lated from feces of patients receiving oral 
doses of 4 g daily of either kanamycin or paro- 
momycin. In view of the failure to demon- 
strate resistance to neomycin, paromomycin 
or kanamycin in similar organisms from pa- 
tients not previously exposed to these anti- 
biotics, these findings suggest that resistance 
to them may be readily acquired by organisms 
in the bowel during their use orally and that 
cross-resistance to the other 2 related ones de- 
velops at the same time or may be delayed. 
High degrees of cross-resistance to streptomy- 
cin, however, probably do not result from 
such treatment. 

Discussion. Cross-resistance between kana- 
mycin and neomycin has been noted by a 
number of workers in strains of Mycobac- 
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terium tuberculosis and of Staph. aureus, and 
a viomycin-resistant variant of Myc. tubercu- 
losis, H37Rv was shown by Steenken to be re- 
sistant to kanamycin, but a variant made re- 
sistant to the latter remained sensitive to vio- 
mycin(1). Incomplete cross-resistance be- 
tween streptomycin and neomycin has been 
demonstrated previously(3), but cross-resis- 
tance between kanamycin and streptomycin 
was not noted by other workers(1). It is 
shown here that strains of Staph. aureus and 
of a number of Enterobacteriaceae are re- 
markably similar in susceptibility to kanamy- 
cin, paromomycin and neomycin and that vir- 
tually complete cross-resistance results from 
repeated subcultures in the presence of any 
one of them. Similar cross-resistance prob- 
ably results during treatment at least in fecal 
organisms when these antibiotics are given 
orally over a long enough time. 
Streptomycin-resistant strains isolated from 
patients do not show cross-resistance to these 
3 antibiotics, and results obtained with the 
fecal strains suggest that strains resistant to 
the latter, when obtained from patients under 
treatment, do not readily acquire cross-resis- 
tance to streptomycin. Jn vitro, however, re- 
sistance to neomycin, paromomycin or kana- 
mycin resulting from repeated exposures to 
these antibiotics is accompanied by moderate 
cross-resistance to streptomycin, and minor 
increases in resistance to the other 3 antibi- 
otics accompanies the increase in resistance 
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to streptomycin that occurs during subcultures 
in its presence. None of these 4 antibiotics 
show any cross-resistance with any of the 
other antibiotics that are now generally avail- 
able. 

These findings of complete cross-resistance 
among chemically closely related antibiotics 
are similar to those shown for the 3 tetracy- 
cline analogues(4) and for antibiotics of the 
erythromycin-group(5). In the latter, com- 
plete cross-resistance was found in vitro 
among erythromycin, carbomycin, oleando- 
mycin and spiramycin, but cross-resistance 
between each of these antibiotics and strepto- 
gramin (Antibiotic 900) resembled closely 
that shown between streptomycin and each of 
the other 3 antibiotics in the present study. 

Summary and conclusions. The antibiotics 
kanamycin, paromomycin and neomycin were 
shown to have essentially the same activity 
in vitro against strains of Staphylococcus 
aureus and of various Enterobacteriaceae. 
Bacteria made resistant to any one of these 3 
antibiotics by subcultures on that antibiotic 
also exhibit virtually complete cross-resistance 
to the other two. Organisms isolated from in- 
fected sources do not show significant cross- 
resistance between streptomycin and any of 
these 3 antibiotics. However, strains made 
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resistant in vitro to either kanamycin, paro- 
momycin or neomycin show moderate in- 
creases in resistance to streptomycin, and 
strains made resistant to the latter exhibit 
only minor increases in resistance to the other 
3 antibiotics. With all 4 antibiotics, corre- 
sponding parent and resistant variants of the 
staphylococci were of the same phage type, 
and resistant variants of K. pneumoniae and 
E. coli retained their serological specificity. 
Fecal organisms isolated from patients during 
oral treatment with paromomycin or kanamy- 
cin were resistant to the antibiotic adminis- 
tered and showed moderate to marked resis- 
tance also to the other one and to neomycin. 


1. Finland, M., et al., Basic and Clinical Research 
of the New Antibiotic, Kanamycin, Ann. N. Y. Acad. 
Sc., 1958, v76, pp17-408. 

2. Dutcher, I. D., Ch. 7 in Neomycin, Its Nature 
and Practical Application (S. A. Waksman, Ed.) 
Williams & Wilkins Co., Baltimore, 1958, p73. 

3. Haight, T. H., Wilcox, C., Finland, M., J. Lab. 
and Clin. Med., 1952, v39, 637. 

4. Wright, S. S., Finland, M., Proc. Soc. Exp. 
Bro. AND MEp., 1954, v85, 40. 

5. Jones, W. F., Jr., Nichols, R. L., Finland, M., 
ibid., 1956, v93, 388. 


Received July 23, 1958. P.S.E.B.M., 1958, v99. 


Experimental Tick Paralysis in Laboratory Animals and Native 


Montana Rodents. 


(24335) 


LYNDAHL E. HUGHES AND CoRNELIUS B. PuILip* 
U.S. Department of Health, Education and Welfare, P.H.S., Nat. Inst. Health, Nat. Inst. of Allergy 
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Rapidly engorging females of the Rocky 
Mountain wood tick, Dermacentor andersoni, 
are a well-known cause of the sometimes fatal 
tick paralysis of man and some animals in 
parts of western United States and Canada. 
Abbott(1) has provided a good clinical and 
epidemiological review of this disease in vari- 
ous parts of the world. During the years 
when vaccine against spotted fever was being 
made from suspensions of infected adult D. 
andersoni at the Rocky Mountain Laboratory, 
millions of ticks in various stages, including 


wild-caught adults, were fed on rabbits and 
guinea pigs. However, so many female ticks 
have completed engorgement for basic vaccine 


* We are very grateful to Mr. J. D. Gregson, En- 
tomology Laboratory, Kamloops, for providing his 
unpublished data and to his wife for supplying ticks 
from the Stump Lake focus of the disease in British 
Columbia. Mr. Glen M. Kohls supplied D. occi- 
Dr. Don W. Esplin, Univ. of 
Utah College of Medicine, performed neurophysio- 
logical studies on part of the animals reported above, 
details of which will be reported elsewhere. 


dentalis from Oregon. 
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stock and in various investigations with only 
Tare, isolated instances of recognizable pa- 
ralysis in hosts that systematic attempts to 
produce this condition experimentally were 
not attempted until recently. 

Flaccid paralysis, uncomplicated by infec- 
tion, has been seen sporadically in perhaps a 
dozen rabbits and possibly in a few more 
guinea pigs. Tick paralysis was suspected in 
1938 when partially fed ticks that killed one 
guinea pig in 6 days also killed, in rapid suc- 
cession within 24 hours each, 2 others to 
which the unreplete females were transferred; 
no animal had gross lesions indicative of inter- 
current infection, and blood and tissues of the 
first produced no growth in bacteriologic me- 
dia. Previously, a pup on which 3 pairs of 
laboratory stock ticks were feeding, incidental 
to another study, developed progressive as- 
cending paralysis over a period of 3 days. 
Movement of eyes and slow respiration in the 
prostrate animal were the only actions ob- 
served when the female ticks finally com- 
pleted engorgement. The dog fully recovered 
2 days later. 

Progeny of ticks in both above instances, 
as well as those of a few partially fed ticks 
from human patients, that had not been dam- 
aged and were fed and mated on laboratory 
animals, did not produce disease in test ani- 
mals either by feeding or when injected. The 
success reported in British Columbia by 
Gregson(2), in each of 10 woodchucks (Mar- 
mota) and 3 ground squirrels (Citellus) on 
which one to several wild-caught D. andersoni 
females were fed, prompted reinvestigation 
of small animal hosts for susceptibility. 

Methods. Adaptations of the usual proce- 
dure for feeding ticks on animals in capsule 
bandages(3) were followed. Wild-caught, 
adult ticks tested were from British Colum- 
bia and the Bitterroot Valley in western Mon- 
tana. Studies were facilitated through the 
senior author’s discovery that hamsters be- 
came paralyzed when bitten by Fy, adult 
progeny of B.C. ticks which had produced the 
disease in dogs. Partial to complete paralysis 
in affected animals was readily diagnosed 
clinically. Culture in bacteriologic media and 
transfer of blood and tissues from various 
affected animals to fresh animals were re- 
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peatedly done without demonstrating any in- 
fectious agent. This finding was substanti- 
ated by absence of significant gross lesions at 
necropsies. 

Results. Paralysis following attachment of 
2 to 6 pairs of B.C. ticks to each of 11 local 
marmots (M. flaviventris) and 15 ground 
squirrels (C. columbianus), in addition to 
hamsters, has confirmed Gregson’s observa- 
tions. Unexpectedly, however, 11 of 18 guinea 
pigs (approximately 200 g) died on the 7th 
and 8th days after attachment on each of 4 
pairs of B.C. ticks and with illness of less 
than 10 hours; one of 6 which were bitten by 
Bitterroot ticks died on the 10th day. So far, 
B.C. ticks have completed engorgement on 7 
white rats, 5 rabbits, and 6 cats (part of these 
ticks included partially fed ones transferred 
from paralyzed hamsters) without producing 
disease. On the other hand, 3 young wood 
rats (Neotoma cinerea) died in 4 to 7 days 
after attachment of 4 pairs of B.C. ticks on 
each. 

Results of current tests with various ani- 
mals (Table I) reveal that even in hamsters 
not all ticks caused paralysis, but that the 
highest percentage of transmission was by 
B.C. ticks. Furthermore, after initial feed- 
ing of 4 or more days on fatally affected ham- 
sters, single ticks 1/3 or more engorged have 
produced death in as few as 12 hours after 
reattachment to fresh hamsters. Death in a 
guinea pig within 21 hours was caused by 
reattachment of 2 half-fed ticks from a fatally 
affected hamster. B.C. and Bitterroot males 
alone, either initially fed on or transferred 
from paralyzed hamsters, caused no paralysis 
during prolonged attachments on young ham- 
sters. Suspensions of salivary glands from 
engorged, innocuous females and from fed 
males produced at most temporary uneasiness 
in dogs and hamsters when injected intraperi- 
toneally. Many animals from which ticks 
were removed early in illness have fully re- 
covered, usually within a few to 24 hours. 

Illness begins with a short period of hyper- 
activity followed by incoordination of loco- 
motion. In a few hours progressive flaccidity 
develops, followed by inability to raise the 
head. The hind limbs of woodchucks fre- 
quently show spastic rigidity. In almost all 
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TABLE I. Summary of Tests of Dermacentor andersoni to Produce Tick Paralysis in Different Small 


Animals. 
TEE 
No. 9 ticks ; 
originally fed Animal No. Days until ; , 
on each host hosts No. used positive onset No. died Remarks 
Brit. Columbia 
(Wild) t 
2- 4 Hamsters 57 22 4— 6 10 12 recovered 
1 * 33 lf 4-7 if i 4 ; 3 spontaneous 
1- 3 White rats 7 0 0 0 Incl. 3 sucklings 
4— 6 Guinea pigs 18 11 5- 8 11 
1- 2 ‘- de 15 5 %-10 5 Part-fed ticks transferred 
from paralyzed hamsters 
4 Ground squirrels 15 13 l=7¥ 13 
4—- 6 Woodcehucks 11 aN 5— 9 8 3 recovered 
4 Wood rats 3 3 Zell 3 
4-14 Dogs 11 if 6-11 3 4 23 
4 Cats 6 0 
(Progeny) t 
1-6 Hamsters 79 34 4— 8 22 10 es ; 2 spontaneous 
6 Rhesus monkey i) 1 8 Recovered 
(Both) 
2-8 Rabbits 5 0 Inel. 3 weanlings 
Western Montana 
(Wild) 
4-5 Hamsters 54 18 4— 6 14 4 recovered 
4 Guinea pigs 6 i 10 1 
(From 3 human 
cases ) 
1 § Dogs 2 0 3 part-fed 9 ticks completed 
| Hamster 1 0 feeding 


* ¢“Recovery’’ in each instance followed early removal of ticks; 5 additional listed as ‘‘spontane- 


ous’’ recovered while ticks still attached. 


+ ‘‘Wild’’ refers to adult, unfed ticks captured in nature; ‘‘progeny,’’ to adult ticks reared in the 


laboratory. 


hamsters, the eyes become closed with a copi- 
ous conjunctival exudate, a condition which 
was observed in only 2 ground squirrels of the 
other animals tested. A rapid drop in tem- 
perature, respiration, and pulse is noted as 
illness progresses. In woodchucks tempera- 
ture has reached as low as 28°C for 24 to 48 
hours with a concomitant respiration rate of 
only 7 per minute. In affected dogs and a 
monkey, knee jerk was absent during the epi- 
sode. Heart beat was usually strong for 
some time after respiratory failure. The only 
gross lesions observed at necropsy were hy- 
peremic congestion of lungs with some excess 
pleural fluid and a suggestion of inflammation 
of small intestine. 

In most instances, the disease was fatal to 
small animals tested when ticks were about 
half or even less engorged. Four times, how- 
ever, hamsters recovered spontaneously when 
single female ticks apparently were slowed in 


their engorgement, and one hamster recovered 
after complete flaccidity while 4 females were 
still feeding. In 2 dogs and a monkey, ticks 
which were feeding unusually slowly caused 
only partial paralysis and incoordination of 
the legs over a period of several days. Lack 
of fertilization unquestionably slowed feeding 
of some female ticks. 

Following are sample series of early tests 
with numbered hamsters infested with adult 
progeny of B.C. ticks previously engorged on 
paralyzed dogs: 

Line A. 8 pairs of ticks on No. 18; flaccid 
paralysis 8 a.m. day 5, dead before noon; 
ticks removed 9 a.m. First transfer: 2 pairs 
each to Nos. 21-24; Nos. 21 and 22 developed 
flaccid paralysis in 27 hours, No. 23 in 39 
hours; all 3 resumed full activity 6 to 13 
hours after removal of ticks; No. 24, ticks 
completed feeding in 2'%4 days, no effect. Sec- 
ond transfer: 2 ticks from No. 21 reattached 
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to a guinea pig, animal dead in 21 hours: one 
tick from No. 22 to No. 29, animal dead in 
23 hours. 

Line B. 6 pairs of ticks on No. 19; flaccid 
paralysis 8 a.m. day 5, dead before noon; 
ticks removed 9 a.m. First transfer: 2 pairs 
to each of Nos. 25-27; flaccid paralysis, No. 
25 in 54 hours (sacrificed when moribund), 
No. 26 in 18 hours (recovered 7 hours after 
removal of ticks), No. 27 in 11 hours (dead 
2 hours later). Second transfer: Ticks from 
Nos. 26 and 27 completed engorgement on 2 
young beagle dogs in 2 to 3 days, no effect. 

Another series with wild-caught B.C. ticks 
illustrates susceptibility of hamsters recov- 
ered up to 67 days after original severe at- 
tacks: 

Hamster 202 (recovered 45 days) devel- 
oped typical signs 5 days after 4 pairs of ticks 
attached, but again recovered after early 
transfer of ticks to No. 260. Latter (recov- 
ered 28 days) paralyzed in 24 hours; again 
recovered after early transfer of ticks to No. 
123. Last (recovered 67 days) became para- 
lyzed in 10 hours but was fully recovered 
after ticks had finished feeding in less than 
24 hours. 

Hamsters have also been used to test our 
laboratory tick stocks of D. andersoni, D. 
variabilis, Rhipicephalus sanguineus (Egyp- 
tian strain), as well as wild-caught D. occi- 
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dentalis from Oregon, without becoming para- 
lyzed, though 3 of 10 tests of R. sanguineus 
were equivocal. 


Conclusions. It is hoped that a means has 
now been provided, through use of hamsters, 
to study more intensively the incitant of this 
disease and to determine its possible relation- 
ship to the toxic principle reported by Stein- 
haus(4) in D. andersoni eggs. Ecologic and/ 
or genetic factors may be influential, but it 
is pertinent that reared progeny of paralysis- 
producing ticks have now induced experimen- 
tal disease. In spite of successful transmis- 
sion by partially fed ticks from paralyzed 
animals in many of the above experiments, 
individual female ticks that produced paraly- 
sis in 3 child patients of Drs. Barmeyer and 
Adlerson of Missoula completed engorgement 
and mated on 2 dogs and 1 hamster, respec- 
tively, in 2 to 4 days without reproducing 
paralytic signs in these hosts. These obser- 
vations indicate that hamsters are the animals 
of choice for the study of tick paralysis. 
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Polydipsia and Polyuria During Chronic Administration of Levorphanol 


to Rats.* 


(24336) 


James S. Hotmes, M. KATHLEEN Carter,t JAMES M. Fujimoto 
(Introduced by F. W. Schueler) 
Dept. of Pharmacology, Tulane University School of Medicine, New Orleans, La. 


This paper is a report of preliminary ex- 
periments on observations of polydipsia and 
polyuria in rats treated chronically with levor- 
phanol (Levo-Dromoran Tartrate). Interest 
in these observations arises from the fact that 
effects described are in apparent direct anti- 


* This work was supported in part by Medical 
Student Fellowship Grant from Hoffmann-LaRoche, 
Nutley, N. J. 

+ Senior Research Fellow, USPHS. 


thesis to the generally reported antidiuretic ac- 
tion of levorphanol. Also, close chemical and 
pharmacological similarity of levorphanol 
with morphine indicates that these observa- 
tions may be of pertinence in relation to the 
action of morphine. 

Materials and methods. To measure water 
intake and urine excretion, rats were placed in 
individual metabolism cages. The metallic 
funnel shaped floor of cage was coated with 
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paraffin to decrease retention of urine on metal 
floor. A wire screen retained the feces. Water 
intake was measured by change in water vol- 
ume read directly from 100 ml drinking tubes 
graduated in ml. Volume of the urine col- 
lected in Erlenmeyer flasks was measured 
with 100 ml graduated cylinder. Meas- 
urement of urine volume and water intake 
was performed at 9 a.m. and 9 p.m. The 
rats had access to food only at night. 
Control readings were taken for 2 days 
before injections were started. Results were 
the same as obtained with untreated controls 
tested throughout experiment. For chronic 
treatment 6 Sprague-Dawley male rats weigh- 
ing 200-275 g were used. Levorphanol (Levo- 
Dromoran Tartrate) was given subcutane- 
ously every 12 hours on the following sched- 
ule. Day 0-5: 10 mg/kg; day 5-9: 20 mg/ 
kg; day 9-13: 30 mg/kg; day 13-18: 40 mg/ 
kg and 50 mg/kg thereafter up to 26 days de- 
pending upon day of sacrifice. On 26th day 
2 rats were given 20 mg/kg levallorphan tar- 
trate (Lorphan) instead of levorphanol and 
sacrificed one-half hour later. Two were sac- 
rificed 72 hours after the last dose of levor- 
phanol given on day 26. The remaining 2 
were sacrificed one hour after the usual 50 
mg/kg dose of levorphanol on day 26. Brains 
of these animals were prepared for potassium 
and sodium determination by flame photome- 
try using the procedure of Walker and Wilde 


(1). A Perkin Elmer flame photometer was 
used. 
Results. At the initial dose of 10 mg/kg 


levorphanol the rats were sedated for about 2 
hours. Water intake and urine excretion, 
shown in Fig. 1, were 5-10 ml/rat in daylight 
hours and 10-30 ml during night hours. With 
20 mg/kg a few rats showed periods of seda- 
tion interspersed with excitement. Intake and 
excretion remained at control levels. With 
30 mg/kg the rats showed longer periods of 
excitement and little sedation. Excitement 
was manifested by a general increase in 
movement as well as jumping around in the 
cages and gnawing on the wire walls. Muscle 
rigidity (possibly catatonia) was present 
along with exophthalmus. Similar results 
were obtained at higher doses, and tolerance 
to these effects did not seem to develop. 
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FIG. 1. Occurrence of polydipsia and polyuria in 
rats treated chronically with levorphanol. 


One major point of interest is polydypsia 
and polyuria which occurred after mainte- 
nance on higher doses for longer than 7 days. 
The polydipsic response was observable in 
the following general sequence. In 5 to 10 
minutes after injection of the levorphanol, the 
rats would begin drinking water vigorously. 
In many cases they would stop for several 
seconds and walk around the cage. However, 
they would quickly return to their water 
drinking. In this manner they would in some 
cases consume 50-75 ml of water in 4 hours. 
Urine output correspondingly — increased. 
These results are seen in Fig. 1. There is 
some variation in onset of these effects, and 
also degree of peak effect varies considerably. 
For example, maximum effects were obtained 
for rat No. 2 on day 13 when for a 24 hour 
period his water intake was 280 ml and urine 
excretion 230 ml, whereas for rat 4 the corre- 
sponding figures were 108 and 92 ml on day 
18. The fairly consistent difference between 
intake and output may be due to factors such 
as spillage, retention in cage, evaporation and 
insensible water loss. 

On autopsy the 2 rats receiving levorphanol 
one hour before sacrifice had greatly distended 
urinary bladders, one containing 6.5, and the 
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other 5.5 ml of urine. Presence of urine reten- 
tion complicates interpretation of the obser- 
vation that the rats started to drink water be- 
fore any micturition occurred in that polyuria 
could have preceded polydipsia. Adrenal hy- 
pertrophy was also noted. 

A few experiments with possible bearing on 
the mechanisms of production of polydipsia 
were carried out. In view of the report that 
potassium depletion in rats leads to polyuria 
and polydipsia(2), the effects of levorphanol, 
levorphanol withdrawal, and levallorphan sub- 
stitution on the sodium and potassium con- 
tent of rats’ brains were compared to controls. 
No difference was found in Na* and K* con- 
tent of brains in the 4 groups, or any 2 of the 
4 groups. Also no difference was found in so- 
dium and potassium concentration of the plas- 
mas. Polydipsia and polyuria found in levor- 
phanol treated rats are more profound than 
those reported for the potassium depletion 
experiments(2). 

An apparent contradiction in results exists 
between the diuretic effect of levorphanol 
noted here and reported in the literature(3). 
Could levorphanol have different effects in 
chronic experiments performed here as com- 
pared to the more acute experiments generally 
reported for antidiuretic experiments? Also, 
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the doses of levorphanol in our experiments 
are rather large. Reports on morphine, a 
compound closely related to levorphanol, simi- 
larly point to an antidiuretic action for mor- 
phine(3). One early report does mention 
the occurrence of polydipsia and polyuria with 
morphine in rats(4). Further publications 
elucidating and extending the findings have 
not been found. Further studies using larger 
groups of animals on levorphanol are war- 
ranted since admittedly the number of ani- 
mals used in the present report is small. 


Conclusion. Chronic treatment of rats with 
levorphanol produced profound polydipsia and 
polyuria. These observations are of interest 
since levorphanol and its close relative, mor- 
phine, are known to produce antidiuretic re- 
sponses on acute administration. 
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Interaction of Methionine and Indoleacetic Acid in the Control of 


Abscission in Nicotiana. 
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The role of indoleacetic acid (IAA) in re- 
tarding abscission in many species has been 
reported several times since Laibach(1) in 
1933 first noted its effect by applying orchid 
pollen to an exposed petiole following removal 
of the blade of the leaf. An additional sub- 
stance in control of abscission is indicated by 
experiments of several investigators. A sub- 
stance produced by senescent leaves of sev- 
eral species has been shown to accelerate ab- 
scission in bean explants by Osborne(2). Van 
Overbeek, Blondeau, and Horne(3) reported 
that application of various maleimides (sulf- 


hydryl blocking reagents) promotes leaf ab- 
scission in peach. Hotta and Ota(4) have re- 
ported other experiments with the abscission 
of bean cotyledons which indicate that iodo- 
acetic acid also has an effect upon abscission 
presumably through effects on sulfhydryl 
groups. The striking effect of methionine (and 
some other amino acids) in accelerating floral 
abscission in tobacco has been reported earlier 
by the authors(5). This report of the effect 
of methionine as a specific entity in abscission 
makes a consideration of its intreaction with 
TAA in the overall control of abscission of spe 
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TABLE I. Effects of Indoleacetie Acid upon Ab- 
scission of Unfertilized Ovaries of Tobacco. 


Avg time (hr) from anthesis to 
completion of abscission 


Cone.of IAA ; — 
(ppm) Lizard’s tail Little Turkish 
0 88 173 
5 101 168 
100 250 (46) No abse. 
No abse. (4%) 
1000 No abse. No abse. 


cial interest. Experiments have been designed 
to investigate this interaction. 

Methods. Two varieties of Nicotiana ta- 
bacum (Lizard’s Tail and Little Turkish) were 
grown with uniform greenhouse conditions. 
Various concentrations of aqueous solutions of 
IAA, DL-methionine, and combinations of the 
two were added directly to the unfertilized 
ovaries of flowers that had reached anthesis, 
through a 5 cm length of 4 mm glass tubing 
that had been drawn to a fine point. From 
0.15 ml to 0.2 ml of solution were added each 
24-hour interval. Fertilization was prevented 
by covering the stigmas with a small foil cyl- 
inder. The results of such treatment upon 
abscission are tabulated in Tables I, II, and 
III where each value represents the average 
time for abscission of ten flowers on one plant. 

Results. The abscission of unfertilized to- 
bacco flowers is delayed or prevented by addi- 
tions of IAA and accelerated by additions of 
methionine. When IAA and methionine are 
added simultaneously an interaction is found 
in which the effect of each is modified by that 
of the other substance. With a high concen- 
tration of IAA the methionine effect is pre- 
vented and in the absence of abscission parthe- 
nocarpic fruit development may take place. 
This finding suggests that when seeds are de- 


TABLE II. Effects of Methionine upon the Ab- 
scission of Unfertilized Ovaries of Tobacco. 


Avg time (hr) from anthesis 
to completion of abscission 


Cone. of meth- - ~ 
ionine (M’) Lizard’s tail Little Turkish 
0 84 182 
O01 70 119 
005 55 83 
Oi 26 33 
05 23 28 
all 20 26 


veloping (high IAA concentration) abscission 
does not occur regardless of the relative avail- 
ability of methyl groups. 

Certain varietal differences are apparent. 
Natural abscission occurs more rapidly in 
Lizard’s Tail than in Little Turkish and Little 
Turkish is more responsive to treatments with 
JAA and methionine alone and in combination. 
Presumably the varietal difference is the re- 
sult of differences in endogenous IAA and me- 
thionine. 

Discussion. That abscission occurs as a re- 
sult of the dissolution of the pectic middle la- 
mella has been known since Lee(6) first de- 
scribed it in 1911. Ordin, Cleland, and Bon- 
ner(7) as well as Byerrum and Sato(8) have 
shown that the methyl group of methionine is 
rapidly incorporated into the pectic materials 


TABLE III. Effects of Combinations of IAA and 
Methionine upon the Abscission of Unfertilized 
Ovaries of Tobacco. 


Avg time (hr) from 
anthesis to completion 


Cone. of of abscission 
Cone. of methionine Lizard’s Little 

IAA (ppm) (ar) tail Turkish 

0 0 89 175 

0 .O1 24 31 

5 .O1 28 26 

100 -O1 120 163 
1000 01 150 (44) No abse. 


No abse. (%4) 


of the middle lamella. The availability of a 
methyl donor (methionine) apparently facili- 
tates the further esterification of pectic and 
pectinic acids and finally production of pectin. 
Since pectin is soluble in water, separation oc- 
curs. Additional evidence for such an inter- 
pretation of the experimental data is found in 
the report of microchemical tests conducted 
by Facey(9). She characterizes the pre-ab- 
scission changes as such a series of reactions, 
IAA may act as a regulator upon enzyme sys- 
tems which control the esterification-deesteri- 
fication reactions. High concentrations of 
IAA apparently favor the formation of pectic 
acid and/or its calcium salt. 

Betaine and choline are 2 other methyl don- 
ors in living systems and their effects upon ab- 
scission were examined in a similar manner. 
The time for abscission to occur was not 
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changed by addition of choline. In one of 4 
experiments betaine caused a significant accel- 
eration of abscission but in the other experi- 
ments only a small effect was observed. 

These results with betaine and choline addi- 
tions are not unexpected since most enzyme 
systems are quite specific in their action. The 
slight effect of betaine can be explained by the 
greater molecular similarity of betaine to me- 
thionine. In addition, betaine, like methio- 
nine, occurs naturally in plants. Additional 
experiments concerning enzymes in abscission 
are needed to characterize an overall mechan- 
ism of the phenomenon of abscission. 

Summary. Methionine (presumably as a 
methyl donor) accelerates floral abscission in 
tobacco. IAA retards abscission. When the 
two factors are added to developing ovaries in 
combination, in general the effect is one of 
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diminishing the effect of either when added 
alone. However, high concentrations of IAA 
completely overcome the accelerating effect of 
methionine. 
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Effects of Adrenalectomy and Aldosterone on Proximal and Distal Tubular 


Sodium Reabsorption.* 
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LAWRENCE P. SULLIVAN AND VIRGINIA M. McMurray 
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Ann Arbor, Mich. 


' Aldosterone is generally believed to be the 
most important of sodium regulating hor- 
mones, but its site of action is still controver- 
sial. Recently, Barger, Berlin, and Tulenko 
(1) demonstrated direct renal effect of aldos- 
terone, but the precise renal site of action of 
the hormone has remained unknown. Our 
technic of stop-flow analysis(2,3) has been 
used to localize which site of sodium reabsorp- 
tion is influenced by adrenalectomy and aldos- 
terone. 

Principle of stop flow analysis. By admin- 
istration of an osmotic diuretic (mannitol) to 
the dog, very high rates of urine flow can be 
established. If during this period the ureter 
is clamped, intratubular pressure rises to equal 
net filtration pressure, at which point glomeru- 

* Supported by Am. Heart Assn., Life Insurance 
Medical Research Fund, Nat. Inst. of Arthritis and 
Metabolic Diseases, U.S.P.H.S., and teaching grant 
from U. S. Atomic Energy Com. 


lar filtration ceases(2). During this period 
of stopped ureteral flow, the concentration of 
any substance in the intratubular fluid col- 
umn will be changed along the nephron, de- 
pending upon how the individual segments 
handle this substance. The mannitol retards 
water reabsorption and provides a menstruum 
against which electrolyte concentrations may 
be changed. Upon release of occlusion, these 
concentration patterns are obtained in ap- 
proximately 0.5 ml serial urine samples which 
segment this pattern into an ordered array, 
best pictured on a graph if concentration of 
each sample is plotted against accumulative 
urine volume. An elevation in p-aminohip- 
purate (PAH) concentration in the pattern 
signals a proximal position, and a depression 
in the sodium pattern delineates a distal area 
(233)3 

Methods. Five experiments were performed 
on mongrel dogs weighing 11-20 kg, adrenalec- 
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FIG. 1. Comparison of distal tubular sodium re- 


absorption during ureteral occlusion in a normal 
and in an adrenalectomized dog. 


tomized through a single mid-line abdominal 
incision. Cortisone acetate, 100 mg intramus- 
cularly, was given at time of operation and on 
the day preceding it. Thereafter, dosage of 
cortisone acetate was gradually lessened, final 
maintenance dosage varying from 10-25 mg/ 
day. Dogs were given a normal diet supple- 
mented with 100 mM of sodium/day. No 
animals were employed until at least one week 
after adrenalectomy. Two hours before stop- 
flow procedure, 3 dogs were given their normal 
maintenance dose of cortisone acetate intra- 
muscularly, whereas all steroid therapy had 
been discontinued 2 days previously in the 
other 2 dogs. The animals were anesthetized 
with 30 mg/kg of sodium pentobarbital in- 
jected intraperitoneally. Through a small 
flank incision one ureter was catheterized 
with polyethylene tubing pushed up into the 
renal pelvis. A constant intravenous infu- 
sion was supplied at 10 ml/min. Infusions 
contained 15-20% mannitol plus PAH and 
creatinine dissolved in Ringer’s solution. 
When urine flow stabilized at some high level 
(5-13. ml/min), several occlusions (2%-4 
min) were performed after which 10-40 pg 
aldosterone was given intravenously. Serial 
occlusions were then performed at intervals of 
approximately 45 minutes. 

Results. Distal sodium reabsorption. The 
dashed curve in Fig. 1 is a typical sodium con- 
centration pattern obtained during stop-flow 
in a normal non-adrenalectomized dog. The 
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sodium concentration of free flow diuretic 
urine collected immediately before occlusion 
is 63 mM/l. There is a fall in concentration 
as distal fluid enters the urine collector after 
release of occlusion. The lowest concentra- 
tion reached, 5 mM/1, represents that sample 
acted upon by a maximum number of distal 
tubules during occlusion, i.e., the best distal 
sample(3). As fluid from the loops and 
proximal tubules enters the collector, the 
sodium concentration rises and forms a pla- 
teau at the original free flow concentration. 
The summit of PAH concentration curve (not 
shown in Figure) indicates the best stop flow 
proximal sample to be at 10 ml on the hori- 
zontal scale(3). The sodium concentration 
pattern of the adrenalectomized dog, as indi- 
cated by the solid line, is in striking contrast 
to this normal pattern. Sodium concentrations 
of the free flow urine and proximal plateau 
are normal, but the lowest concentration 
achieved by the distal tubule is now 24 mM/1. 

Ability of the normal dog to reduce distal 
sodium concentrations to extremely low levels 
during occlusion is one of the most constant 
findings in stop-flow analysis. In 59 normal 
occlusions the mean distal sodium concentra- 
tion was 4.9 mM/] with standard deviation of 
2.6mM/l. In only 2 experiments did the dis- 
tal value exceed 10 mM/I. In 5 adrenalecto- 
mized dogs (Table I), however, distal sodium 
concentrations ranged from 8 to 24 mM/l 
with a mean of 13.6 mM/1 and standard devia- 
tion of 6 mM/]. Adrenalectomy has inter- 
fered with the ability of distal tubule to re- 
duce sodium concentration during occlusion 
(P = <.001). Moreover, as time length of 
occlusion was increased in consecutive occlu- 


TABLE I. Comparison of Sodium Concentrations 

during Ureteral Occlusion in Distal Tubules of 5 

Adrenalectomized Dogs before and after Aldoster- 
one, 


Distal sodium cone., mM/1 
Adrenaleetomized 


control Aldosterone* 
24 8 
12 10 
12 3 
12 5 
8 6 


* 10-40 yg aldosterone given intrav. immediately 
after completion of control occlusion. 
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sions the distal sodium concentrations re- 
mained identical, i.e. the distal tubule was not 
capable of further lowering concentration even 
when allowed more time. 

The effect of aldosterone on the adrenalec- 
tomized dogs is shown in Table I. In all dogs, 
distal sodium concentrations were normally 
lowered during occlusions performed approxi- 
mately 2 hours after completion of control 
occlusion and intravenous injection of aldos- 
terone. This ability of aldosterone to increase 
distal sodium reabsorption may have one of 
several explanations. As sodium is actively 
transported out of the distal tubule there is no 
doubt some passive diffusion with the concen- 
tration gradient back into the tubule. Aldos- 
terone may either activate the enzyme systems 
responsible for active sodium transport out- 
wards or, less likely, decrease passive diffusion 
inwards of sodium through changes in per- 
meability characteristics of the tubular cells 
or membrane. 

Proximal sodium reabsorption. As described 
above, sodium concentrations of the best 
proximal stop flow samples are equal to their 
respective free flow values in both the normal 
and adrenalectomized dogs. This indicates 
that during occlusion the proximal tubule 
could not change sodium concentration from 
its free flow value in the proximal tubule(3,4). 
As calculated by methods described previ- 
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ously (4), sodium concentration of proximal 
reabsorbate is equal to that of plasma in both 
normal and adrenalectomized animals, and is 
not changed detectably by administration of 
aldosterone. However, the data collected thus 
far do not conclusively indicate that the vol- 
ume of proximal sodium and water reabsorbed 
is not affected by adrenalectomy and aldos- 
terone. Such experiments are now in progress. 

Summary. ‘The technic of stop-flow analy- 
sis has been used to localize the site of renal 
sodium reabsorption which is affected by 
adrenalectomy and aldosterone. Following 
adrenalectomy, the distal tubule was not able 
to reduce sodium concentration to the low 
value achieved during stop-flow in normal 
dogs. Following aldosterone administration 
this distal reabsorptive capacity was restored. 
No conclusion could as yet be made regarding 
the effects of aldosterone on the proximal 
tubule. 
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The problem of transmitting poliovirus from 
infected to normal animals is of interest and 
importance to humans because of its value 
as a model in the study of the natural trans- 
mission of the disease. As early as 1912, 
Levaditi and Danulesco(1) reported that nor- 
mal Rhesus monkeys housed with infected 
monkeys did not develop poliomyelitis. Sabin 


* This study was aided by grant from Nat. Foun- 
dation for Infantile Paralysis. 


and Winsser(2) were not able to demonstrate 
any evidence of poliovirus in normal monkeys 
associated with other animals receiving type 2 
virus orally. On the positive side, Faber and 
his colleagues(3) were able to detect lesions 
typical of poliomyelitis in two of the cranial 
nerve ganglia of uninoculated monkeys housed 
in the same room with infected animals. 
Howe and Bodian(4) isolated poliovirus from 
the stools of two chimpanzees which were 
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housed for six months in the same room with 
Rhesus monkeys receiving human stool inocu- 
lations intranasally. In 1953 we reported the 
results of several experiments in which nor- 
mal cynomolgus monkeys were housed with 
monkeys that had been orally infected with 
cord suspensions of active virus, but were 
unable to demonstrate any transmission of 
poliovirus under these conditions. In the cur- 
rent study, high titered tissue culture fluids 
were employed for the oral inoculation of 
monkeys and tissue culture systems were used 
for the detection and typing of virus as well 
as for antibody studies. 


Methods. Monkeys. Cynomolgus monkeys 
were employed because of their greater sus- 
ceptibility to infection with the agent of polio- 
myelitis(S). Tissue Cultures. Trypsin dis- 
persed monkey kidney cells were prepared 
according to the methods described by 
Youngner(6), and grown in his medium D 
consisting of: 


95% mixture 199(7) in Hank’s balanced salt solu- 
tion 
2% calf serum 
3.5% sodium bicarbonate (2.8%) 


100 units/ml each of penicillin, streptomycin and 
mycostatin. 


Cells were grown in 15 ml screw-capped tubes 
for use in virus isolation and identification, 
and in five liter bottles for the preparation of 
large virus pools. HeLa cells were maintained 
and prepared for use according to the methods 
of Scherer, Syverton and Gey(8). Virus. The 
type 1, Mahoney strain, virus was used as a 
seed to prepare large pools of virus in monkey 
kidney tissue cultures. The pools contained 
10° infectious doses/m] when titrated in the 
same tissue cultures, and in the experiments 
to be described caused paralysis in 17 of 20 
monkeys that received the virus orally. The 
virus inoculum was administered in two equal 
doses of five ml of undiluted tissue culture 
fluid on consecutive days by means of a short 
catheter tube attached to a syringe and placed 
in the animal’s mouth while it was held open. 
Collection of specimens. Stools were obtained 
by removing the animals from the cage an 
hour after feeding time and applying pressure 
in the abdominal region. Anal swabs were 
obtained by inserting a sterile cotton-tipped 


applicator stick into the anal orifice; the 
pharyngeal area of the monkeys was also 
swabbed. Two swabs were obtained at each 
site on each collection so that two tissue cul- 
tures could be inoculated. Swabs were placed 
in a small amount of tissue culture medium 
containing twice the usual concentration of 
antibiotics in order to reduce contamination 
by bacteria and molds. Bloods to be tested 
for antibody levels or the presence of virus 
were collected by cardiac puncture without 
the use of anesthesia. All specimens were 
stored at —20°C until tested. Testing of Spe- 
cimens. Anal and pharyngeal swabs were 
placed directly into monkey kidney tissue 
culture tubes, the fluid expressed, and the 
swab discarded. 0.25 ml of blood serum from 
some of the monkeys was placed in tissue cul- 
ture tubes to test for the presence of virus. 
Stool specimens were triturated in a mortar 
and pestle with alundum, and tissue culture 
medium with twice the usual antibiotic con- 
centration was added to make a 20% suspen- 
sion by weight. Clarification was accom- 
plished by centrifugation, first at low speed 
for 10 minutes, then at 5000 rpm in a Sorvall 
angle-head centrifuge (35,000 x G) for one 
hour. The supernate from the last centrifu- 
gation was diluted 1:1 (10%) and 0.25 ml 
was added to each of two tissue culture tubes. 
The inoculated cultures were examined micro- 
scopically every other day for 7 days for evi- 
dence of cytopathology. Fluids from tubes 
with obvious tissue destruction were retested 
in the presence of homologous type 1 hyper- 
immune monkey serum in order to prove the 
presence of poliovirus. Fluids from 24 or 48 
hr cultures showing contamination due to bac- 
teria and molds were centrifuged at 35,000 « 
G for one hour and the supernate treated with 
1000 units/ml of the antibiotics listed previ- 
ously, before retesting in tissue cultures. 
Serum antibody levels were determined in the 
cytopathogenic test as described by Brown 
(9) employing HeLa cells. 

Plan of experiments. In each of 4 experi- 
ments 5 monkeys were infected by feeding 
virus. They were then held for 8 hours in 
separate cages to reduce the possibility of con- 
taminating their uninfected cagemates with 
excess inoculum, then placed in a large me- 
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TABLE I. Fate of 20 Monkeys Infected tect with Type 1 (Mahoney) Strain of Poliomyelitis 
irus. 


—eeooaoaaaoaoeleqq®oq®q@nwaaaaaqqqoaeaeeeeemm _ajy«xY ro 


Monkey Dayof Day of 


Days excreting virus 


———, Day antibody 


Exp. No. paralysis death Anus Throat Blood first deteeted* 
1 1 7 8 None None 
2 7 14 2,7,9 23 
3 8 11 My 
4 14 31 None 21 
5 8 12 2 9 
2 11 None S1 35 00 21 
12 8 10 None None 
13 7 9 if 2 
14 at 15 3,9 w 
15 12 12 3, 7,9 4 
3 2 8 11 2,7 4 3, 4 7 
22 8 8 2,7 2,4, 7 2,3, 4 None 
23 10 10 None 4,7,9 3,4 if 
24 10 se 7 4,7,9 None None 
25 None 4 2,4,9,11 3,4 21 
: 31 5 5 2,4 None 4,5 None 
32 8 8 a 5,7 None bd 
33 9 11 A Osh Oy Cuma, Den TD BO fn teh 4 
34 18 22 2, 4,7 5.7.8,9,1418- 11 18 
35 None 4,8 4,5,6,7,8,11,18 None 8 


* All animals were negative initially. 


tabolism cage measuring 2 * 2 * 3 feet, to- 
gether with 5 normal uninoculated animals 
(contact monkeys). In each of the experi- 
ments specimens were collected on all mon- 
keys prior to the start and daily thereafter 
for 14 days in Experiments 1, 2, and 4; spe- 
cimens were collected on alternate days for 
2 weeks in Experiment 3. In all of the ex- 
periments additional specimens were collected 
once or twice a week from the 14th to 30th 
day. 

Results. The fate of the 20 monkeys which 
were infected by oral inoculation and the 20 
contact animals is indicated below: 


Treatment No. Virus Paralysis 
Infected 20 Pos 17 14 
Neg 3 3 
Contact 20 Pos 1 1 
Ner 9 1 


Infected animals. All infected animals had 
been tested for anal virus and 10 of them for 
virus in the pharynx and in the blood. The 
results are shown in Table I. Virus was re- 
covered from a total of 17 of the infected ani- 
mals. Sixteen of the 20 had virus in the in- 
testinal tract, 9 of 10 monkeys tested for 
pharyngeal virus were positive and 7 of them 
had viremia. Fourteen of the animals excret- 


ing virus became paralyzed as did all 3 of the 
monkeys from whom virus was not recovered. 
Paralysis occurred in the majority of the ani- 
mals between the 7th and 11th day after 
feeding virus, although one was paralyzed as 
early as the fifth day and another as late as 
the 18th. Excretion of virus was irregular 
regardless of the source tested, but when pres- 
ent, in all cases preceded onset of paralysis. 
Among the 10 animals tested for pharyngeal 
virus the agent was more frequently isolated 
from the throat than from the anus. With 
one exception viremia began 4 to 7 days prior 
to paralysis and usually ceased before the 
onset of paralysis. Viremia also occurred in 
3 of 5 animals which became paralyzed with- 
out developing antibody. 


Contact animals. All of the 20 contact 
monkeys were tested for anal virus and 10 of 
them for pharyngeal virus and for viremia. 
Table II shows that virus was recovered from 
11 monkeys altogether; 9 of 20 excreted virus 
at the anus, 3 of 10 from the pharynx, and in 
none of the 10 was viremia detected. Paraly- 
sis occurred in 2 contact animals, in one of 
which no virus was detected in the excreta. 
Virus was found in the stool of one contact 
monkey as early as the second day and in an- 
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TABLE II. Fate of 20 Normal Monkeys That Were Cagemates with 20 Poliomyelitis Infected 


Monkeys. 
ore 
Day excreting virus ! 
Monkey Day of FF Day antibody 
Exp. No. paralysis Anus Throat Blood first detected 
il 6 None None None 
bye ” 4 ? 
8 eZ None % 
9 ” ” is 
10 4 4,7 
2 16 None 30 None 
L7, 11 None “) 
18 None Shalt None 
19 ” 3, iis ” 
20 14 7 9 
3 26 None 4 7 None None 
27 ‘ 4 None 2 4 
98 ” None ” ” ” 
99 ” ” ” ” is 
30 ” ” ” ”? , 
4 36 None None 8 None None 
37 ”? ” 6 ” ” 
38 ” 2 None ” ” 
39 He None gy ” ” 
40 ” ” ” ” ”? 


other as late as the 30th day. The frequency 
of isolation from these animals was consider- 
ably less than from the monkeys given virus 
orally. In one experiment litter from the 
floor of the cage was collected during the first 
two weeks and tested for virus which was 
shown to be present during the first week but 
not subsequently. Since the litter consisted 
of stools as well as wood shavings and un- 
eaten food and since both infected and con- 
tact animals were excreting virus freely dur- 
ing this period, the total amount found in the 
litter, representing approximately 1,000,000 
tissue culture infectious units, was not sur- 
prising. 

Antibody development. Only 8 of the 20 
infected monkeys developed detectable anti- 
bodies during the course of the experiments. 
In three of these, antibodies were first ob- 
served immediately prior to or at the time of 
paralysis, an observation made by Bodian 
many years ago. In 2 animals antibodies 
were not detected until after paralysis, and 
the remaining 3 which developed antibodies 
were non-paralyzed animals. Eleven of the 
12 animals which did not develop antibodies 
during the period of observation became para- 
lyzed. The 2 contact monkeys which became 
paralyzed were the only 2 to develop anti- 
bodies. These appeared from 3 to 5 days 


prior to the onset of paralysis. In an effort 
to detect the presence of low level, unmeas- 
urable antibodies in the other contact animals, 
one ml of poliomyelitis vaccine was injected 
intramuscularly on the 30th day of the test 
and they were bled again on the 45th day. 
Since no booster effect in the form of antibody 
production was observed it was concluded 
that these monkeys were truly negative. 
Discussion. One of the purposes of the 
experimental approach used in the present 
study was to determine the feasibility of using 
monkeys as an epidemiological tool for the 
study of the spread of poliomyelitis in human 
beings. For several reasons this expectation 
was not realized. First, the duration of virus 
excretion in cynomolgus monkeys is consider- 
ably shorter than that which has been repeat- 
edly observed in human beings. In addition, 
the percentage of normal contact monkeys ex- 
creting virus was less than that usually seen 
in susceptible humans residing under a com- 
parable degree of close association with a case 
of the disease. The overall percentage of 
virus isolations from familial associates of 
cases reported in the literature from 1939 to 
1952 has been summarized by Brown(10) 
and found to be 41% without respect to the 
state of susceptibility of the exposed persons. 
Horstmann(11) has recently described the 
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spread of virus to associates of individuals fed 
attenuated virus in an institution. Although 
virus was being excreted, very little spread to 
those individuals that had naturally acquired 
antibody; however, most of the vaccinated 
associates became infected as evidenced by 
both virus excretion and antibody rise. 

In the present study virus was recovered 
from 11 of the 20 contact monkeys, but ten of 
these remained non-paralytic and no evidence 
of antibody formation could be demonstrated, 
suggesting strongly that virus had merely 
passed through the animals without multiply- 
ing or stimulating the production of antibod- 
ies. Of the nine contact monkeys not excret- 
ing virus, one developed paralysis and no 
antibodies were detected in the others. In 
fact, the only contact monkeys shown to de- 
velop antibodies were those which became 
paralyzed. Unless virus excretion alone in 
the absence of subsequent antibody rise is 
accepted as evidence of sub-clinical disease, 
an unlikely conclusion, the infection rate in 
the contact animals was only 2 of 20 (10%). 
In contrast to these findings, 17 of the 20 
monkeys which had been fed virus were shown 
to excrete the agent; 14 of these became para- 
lyzed and the other three developed antibod- 
ies. Of the 3 which did not excrete virus all 
became paralyzed; therefore, the extent of 
infection in these animals was 100%. 

Virus appears to spread among monkeys 
almost as effectively as among familial asso- 
ciates of a human case of poliomyelitis. How- 
ever, in contrast to the expected event in the 
human, sub-clinical infection resulting from 


Antimitotic Action of Maleuric Acid.* 


329 


contact exposure in simians could not be dem- 
onstrated in the present study. 


Summary. 1) Poliomyelitis virus was fed 
to 4 groups of 5 monkeys each which were 
subsequently caged with an equal number of 
normal animals. 2) All of those fed virus 
became infected as evidenced by either the 
development of paralysis or virus excretion 
accompanied by an antibody rise. 3) Two of 
the contact monkeys became paralyzed and 
although one of these and 10 others excreted 
virus briefly, antibodies developed and were 
demonstrated only in the 2 paralyzed animals 
suggesting that sub-clinical infection did not 
occur. 
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TADASHI OKADA AND EUGENE ROBERTS 
Dept. of Biochemistry, Medical Research Inst., City of Hope Medical Center, Duarte, Calif. 


Since the first report of the antimitotic ef- 
fects of maleic acid(1), there has been con- 
siderable interest in this and related sub- 
stances such as maleimide(2), N-ethylmalei- 


* This investigation was supported by research 
grant No. 2568 from Nat. Cancer Inst., U.S.P.HLS. 


mide(2), and maleic hydrazide(3). The an- 
timitotic activity of these compounds has 
been attributed largely to their ability to 
form —SH adducts(2). Indeed, the ultravio- 
let spectral changes accompanying the inter- 
action of -SH compounds with N-ethylmalei- 
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mide have been utilized in establishing a rapid 
spectrophotometric procedure for the quanti- 
tative determination of —SH groups(4). It 
was of interest to study the effects of male- 
uric acid (monomaleylurea) on living cells,, 
since this compound combines the structural 
features of maleic acid with some of those of 
glutamine (as seen from molecular models), 
a substance of special interest in the study of 
metabolism of tumor cells [see(5) for per- 
tinent references]. 

Methods. A sample of maleuric acid (MA) 
was obtained from the Naugatuck Chemical 
Division of the U. S. Rubber Company, Nau- 
gatuck, Connecticut. Bulbs of the common 
onion, Allium cepa, were placed on top of 
bottles containing tap water at 20°C, which 
was replaced at 24 hour intervals until 48 
hours, at which time the solution was changed 
to tap water containing 0.09% MA (5.69 x 
10° M). Single roots were taken at random 
from each of the treated bulbs at 2, 4, 8, 10, 
24, and 48 hours. The roots were fixed in 
3:1 alcohol-acetic acid, squash preparations 
made from the meristem, and staining per- 
formed with acetic dahlia. Roots from con- 
trol bulbs kept in tap water alone were treated 
in a similar manner and counts of 3,000 cells 
were made at the beginning and end of the 
experiment. At least 3,000 cells were counted 
for each experimental sample and the num- 
bers of cells in each phase of mitosis recorded. 
The cytological effects of MA on Ehrlich as- 
cites tumor cells also were studied. MA (2-6 
mg) contained in 0.5 ml of physiological sa- 
line was injected intraperitoneally into C57 
black mice approximately 20 g in weight 
which had been injected 5 days previously 
with an amount of ascitic fluid containing ap- 
proximately 5 x 10° tumor cells. At various 
intervals commencing with 30 minutes sam- 
ples of tumor ascites were removed by peri- 
toneal puncture, squashed with acetic dahlia 
and examined cytologically. 

Results. Effects of MA on onion root-tip 
cells. MA arrested the mitotic processes of 
the root-tip cells (Table I). Even within 2 
hours after exposure to the compound the 
number of detectable mitoses decreased from 
the initial value of 5% to 3.3% and at all 
times observed remained below the. control 
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TABLE I. Effect of Maleurie Acid (0.09%) on 
Mitosis of Onion Root-Tip Cells. 


Total ~—=——-. Jaro h omitoiiercells————— 
Hr of mitosis, Ana- 
exposure % Metaphase Prophase telophase 
Control 5.0 ORs 43.4 36.9 
2 oo 50.9 29.4 19.7 
4 aie 49 36 15) 
8 reps 61.5 24.6 13.9 
10 1.4 61.3 25 Ii 
24 2.0 41.2 50.7 8.1 
48 2.0 54.2 otal 8.7 
48 Bell 19.5 39.2 41.3 
control 
level. The minimal mitotic rate was observed 


at 10 hours, at which time the maximal meta- 
phase index also was attained. The increase 
in proportion of metaphases was accompanied 
by decreases both in prophases and the sum 
of anaphase and telophase figures up to 10 
hours, but only the proportion of anaphases 
and telophases was below normal at 24 and 
48 hours. After 12 hours the roots gave a 
flaccid appearance and showed no recovery of 
growth when they were placed in fresh tap 
water. No irregular mitotic cells were ob- 
served despite the mitotic arrest. The ef- 
fects, thus, do not resemble those of many of 
the known mitotic poisons(6). 


Effect of maleuric acid on the Ehrlich as- 
cites tumor. Serial cytological studies have 
been made of tumor cells obtained from mice 
after single injections of MA on the 6th day 
after implantation of the tumor. The follow- 
ing numbers of mice were employed at each 
dose level: 2 mg, 6; 3 mg, 24; 4 mg, 4; 5 mg, 
3; and 6 mg, 3. The life spans of the animals 
receiving 2 and 3 mg were the same as those 
of the controls, 10-12 days after transplanta- 
tion. The animals receiving the larger doses 
died sooner, suggesting a toxic effect of the 
compound. Results for animals receiving mul- 
tiple treatments of various doses of MA alone 
and in combination with other agents will be 
reported elsewhere. 


Typical quantitative results are shown in 
Fig. 1. Within 1 hour after injection of MA 
no normal mitotic figures were observable, a 
condition which usually persisted for from 6 
to 12 hours with the 3 mg dose and for longer 
periods at the higher dosage levels. Larger 
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FIG. 1. Distribution of normal and abnormal mi- 
totic figures in Ehrlich ascites tumor cells at various 
times after injection of 3 and 5 mg of MA. 
numbers of abnormal mitotic figures were ob- 


served at higher doses. 


Typical tumor cells from a control animal 
are shown in Fig. 2. The following descrip- 
tion of sequential cytological changes will be 
based upon observations made on cells from 
mice receiving a single dose of 3 mg. Both 
resting and dividing cells showed visible signs 
of damage within 30 minutes. There was se- 
vere distortion of the cytoplasm due to bleb- 
bing (Fig. 3). A striking decrease occurred 
in the number of normal-appearing dividing 
cells, agglutination at metaphase being ob- 
served (Fig. 4). Marked disintegration of 
tumor cells was observed at 1 hour, almost all 
of the mitotic cells showing stickiness and 
clumping of chromosomes or other degenera- 
tive changes which appeared to increase pro- 
gressively with time. At the 2-3 hour inter- 
val clumping was observed between the sticky 
chromosomes at anaphase, while the clumped 
chromosomes showed a ring-like arrangement 
at metaphase (Fig. 5). In addition to chro- 
mosome aberrations, numerous micronuclei 
were observed at anaphase and telophase (Fig. 
6). The impression was gained that some of 
the mitotic cells were able to complete cyto- 
plasmic cleavage despite the abnormalities. 
At 4-6 hours the total number of mitotic cells 
observed was very small and the typical cyto- 
plasmic abnormalities still were observed. 
Subsequently, there was a gradual increase in 
the number of dividing ceils, both normal and 
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abnormal. After 12 hours the resting cells 
showed a normal appearance. 

Some chemical observations. When solu- 
tions of N-ethylmaleimide (NEM) are mixed 
with solutions of reduced glutathione or other 
sulfhydryl compounds in 0.1 M_ phosphate 
buffer, pH 6.0, remarkable spectral changes 
occur coincidentally with the virtually instan- 
taneous reaction which takes place(4,7). 


However, mixture of solutions of various con- 
centrations of glutathione with solutions of 


FIGS. 2-6. Appearance of untreated Ehrlich ascites 

tumor cells (Fig. 2) and various types of abnormali- 

ties induced by injection of 3 mg of MA (Figs. 3-6) 
as described in text. 
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MA gave no spectral evidence of interaction, 
the spectra being additive at all wavelengths 
between 210 and 340 mp. In addition, experi- 
ments in which prior mixture of MA and 
glutathione solutions was followed by the ad- 
dition of NEM showed that the amount of 
—SH available for reaction with NEM was 
not. reduced by the presence of MA. The 
above results do not preclude the possibility 
that at least some of the biological effects of 
MA are attributable to interaction with —SH 
compounds, but do serve to indicate that the 
affinity of MA for soluble -SH compounds un- 
der the above conditions is much less than 
that of NEM. 


In one experiment samples of 6-day tumor 
ascites were removed from mice before and at 
30 minutes and 1 and 2 hour intervals after 
the intraperitoneal administration of 4 mg of 
MA. Although the marked cytoplasmic and 
nuclear abnormalities described above were 
found in these samples, paper chromato- 
graphic determinations of free amino acids in 
alcoholic extracts of the tumor cells and as- 
citic fluids showed no detectable differences 
between experimental and control samples, no 
free glutamine being detected at any time. 
This is in marked contrast to the effect on this 
tumor of sarkomycin, which caused an early 
increase in free glutamine in cells and fluid as 
well as other changes in amino acid distribu- 
tion(8). 

Discussion. Although maleic acid, malei- 
mide, N-ethylmaleimide, and maleic hydra- 
zide have been shown to have antimitotic 
properties in various test systems(1-3), none 
of these compounds has been found to have 
antitumor effects as judged by prolongation 
of life of tumor bearing animals or gross re- 
tardation of growth of various types of experi- 
mental animal tumors(9,10). In the present 
experiments single doses of MA which pro- 
duced marked visible damage in the tumor 
cells also did not prolong the life of the ani- 
mals. Maleic hydrazide, an extremely effec- 
tive agent in breaking chromosomes in plants 
(3) which has found commercial use as a se- 
lective weed killer and an antisprouting agent 
for potatoes, had no significant effects on 


growth of normal mammals or on the gross or 
microscopic features of several in vitro test 
systems employing mammalian cells(10), nor 
did it show any carcinogenic potency(10,11). 
MA, on the other hand, produced far greater 
cytoplasmic and nuclear damage in Ehrlich 
ascites tumor than in onion root-tips and ap- 
pears to be a substance worthy of further 
study, both from the point of view of 
the mechanism of action as well as a poten- 
tial adjunct to existing modes of cancer che- 
motherapy. 

Summary. 1. Maleuric acid produced mi- 
totic inhibition in onion root-tip cells and an 
increase in proportion of mitotic cells in meta- 
phase, but little or no cytoplasmic or nuclear 
abnormality was observed. 2. A single intra- 
peritoneal injection of maleuric acid into mice 
bearing the Ehrlich ascites tumor resulted in 
marked cytoplasmic blebbing of the tumor 
cells. Mitotic abnormalities produced by the 
treatment persisted for prolonged periods. 3. 
The affected tumor cells showed essentially 
normal patterns of free amino acids. 
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Hemorrhagic and Necrotic Reactions in Guinea Pigs During Protracted 


Anaphylactic Shock. 


(24341) 


SANForRD H. STONE AND JuLES FREUND 
DHEW, PHS, NIH, NIAID,* Bethesda, Md. 


During experiments on protracted anaphy- 
lactic shock(1) a massive local hemorrhagic 
reaction was found by Stone to occur at the 
site of an eliciting subcutaneous injection of 
large amounts of egg albumin in guinea pigs 
sensitized to this antigen, using paraffin oil- 
in-water adjuvants containing mycobacteria. 
This observation recalled experiments re- 
ported by Dienes(2) in which hemorrhagic 
reactions were observed in egg white sensitive 
guinea pigs infected with a slightly virulent 
strain of M. tuberculosis. A severe protracted 
anaphylactic shock was elicited by an intra- 
peritoneal injection of large amounts of egg 
white. In the peritoneum and tuberculous 
lesions of the omentum and mesenterium 
large hemorrhagic areas were observed extend- 
ing sometimes over the entire peritoneum. In 
some of the guinea pigs, hemorrhagic reac- 
tions occurred at skin-test sites of intracuta- 
neous injection of egg white. From the stand- 
point of effect of mycobacteria on sensitiza- 
tion to unrelated antigens, it is of interest 
that killed mycobacteria suspended in a par- 
affin oil emulsion with other antigens alter 
the immune response to the antigens. Freund 
and McDermott found that necrosis occurred 
at the site of intracutaneous injection of horse 
serum in guinea pigs sensitized with the ad- 
juvants but was not observed in guinea pigs 
sensitized with horse serum alone(3) and 
only rarely was seen in animals immunized 
using horse serum, paraffin oil, and Falba, 
omitting the mycobacteria(4). Bordet(5) 
and Freund(6) observed that the intravascu- 
lar injection of bacterial filtrates from cul- 
tures of gram negative organisms caused 
hemorrhages in tuberculous guinea pigs at the 
site of skin reactions to tuberculin(5,6) and 
horse serum(7). It was suggested(8) that 
this effect of endotoxin was due to increased 
vulnerability of blood vessels of the tissues 
containing tubercles, or of the skin sites re- 
acting to tuberculin. The pathologic findings 
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of protracted anaphylactic shock in guinea 
pigs are similar to those of endotoxin shock 
and systemic tuberculin shock(1). This simi- 
larity became more significant when a massive 
local hemorrhagic reaction was observed at 
the site of subcutaneous injection of large 
amounts of egg albumin in animals previously 
sensitized by a single dose of this antigen in- 
corporated in paraffin oil adjuvants contain- 
ing killed mycobacteria. This report describes 
the characteristics of this reaction. 

Methods and materials. Adult male Hart- 
ley guinea pigs were sensitized by a single 
dose of 2.5 mg of egg albumin (Ea) with or 
without paraffin oil adjuvants. The sensitiz- 
ing dose was divided into five parts and in- 
jected intracutaneously into five sites of the 
nuchal region. For details on the preparation 
of adjuvant mixtures see(9). Serum anti- 
body titers were determined by the passive 
cutaneous anaphylaxis (PCA) technic. The 
ear vein of the guinea pigs was split with a 
scalpel. Blood was taken by and diluted in 
a white blood cell pipette. Two guinea pigs 
were used to test each sample of plasma; 8 
to 10 mm of blueing was taken as the thres- 
hold reaction. 

Results. Table I shows that guinea pigs 
sensitized by the intracutaneous route with 
egg albumin incorporated in paraffin oil ad- 
juvants containing mycobacteria react with 
massive hemorrhagic reactions at the site of 
subcutaneous injection of large amounts of 
the homologous antigen. Fig. 1 shows the 
gross appearance of the lesion at 24 hours. 
It did not occur in guinea pigs sensitized with 
incomplete adjuvants, 7.e. those not contain- 
ing mycobacteria. The hemorrhagic area be- 
came edematous; there was extensive necrosis 
and finally a sloughing of large areas of skin 
over a period of several days. At necropsy, 
the hemorrhage was found to extend through 
the subcutaneous tissues to include the peri- 
toneal wall. Table II describes the systemic 
reactions in these guinea pigs. It may be seen 
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TABLE I. Local Hemorrhagie Reaction in Sensi- 
tized Guinea Pigs. 


Amt of Avg size 
No. of Ea inj. of hemor- 
guinea Method of S.C. Reaction  rhagic 
pigs sensitization*® (mg) at24hrt area, mm? 
6 Ea+Arlacel/ 50 5/5 2880 
Bayol + M. 
tuberculosis 
KD. 
2 Idem 20 2/2 1440 
2 os é 1/2§ 6008 
6 Ha + Arlacel/ 50 4/4 1475 
Bayol + M. 
butyricum L.D. 
6 Ea + Arlacel/ 50 0/6 
Bayol I.D. 
2 Idem 20 0/2 
2 3 5 0/2 
4 Ea in saline 50 } 


only I.D. 


* Ha, 2.5 mg; Arlacel/Bayol, 0.25 ml; mycobac- 
teria, 1 mg. Single dose in 5 sites I.D. 

t No. of surviving animals with hemorrhage/No. 
of surviving animals. 

{ All guinea pigs dead of anaphylactic shock by 
1 hr. At death no local reactions were apparent. 

§ Necrosis central to erythematous area. 


that the difference in local response described 
above occurred although antibody titers and 
systemic reactions were of the same order in 
guinea pigs immunized intradermally with or 
without mycobacteria in the oil emulsion. In 
both groups, the number of animals which 
died of the protracted anaphylactic shock was 
small compared to the percentage of fatalities 
seen in guinea pigs immunized with egg albu- 
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Hemorrhagic reaction 24 hours after sub- 
cutaneous eliciting injection of 50 mg of egg albumin 
in a guinea pig sensitized with egg albumin in com- 
plete paraffin oil adjuvants containing M. butyricum. 


min in incomplete adjuvants by subcutaneous 
injection(1). The results of the systemic re- 
action were in sharp contrast to the effects in 
guinea pigs sensitized with egg albumin in 
saline alone. Such guinea pigs died of ana- 
phylactic shock in from 39 to 66 minutes and 
necropsy revealed emphysematous lungs as 
well as stasis or hemorrhages in the intestines, 
i.e. a combination of manifestations was ob- 
served indicating a certain degree of pro- 


TABLE IT. Systemic Reactions and Antibody Titer in Guinea Pigs Sensitized to Egg Albumin. 


Anaph. reaetion ————_, 


Amt of Ha Deaths 
No. of Method of inj. S.C., within Time of death PCA antibody 
guinea pigs — sensitization* mg Surv. 24 hr (avg, max) titerst X 10> 
6 Ka + Arlacel/Bayol 50 5 1 Between 8-2lhr 4, 8,8, 8,16, ND 
+ M. tuberculosis 
2 Idem 20 2 0 8,8 
2 a 5 2 0 4,16 
6 Ka + Arlacel/Bayol 50 4 2 Between 8-23 8, 8, 8,8, 8,8 
+ M. butyricum hr, 23 hr 
6 Ea + Arlacel/Bayol 50 6 0 1, 2,8, 8; 8,8 
2 Idem 20 2 0 4,8 
2 $4 5) 2 2,4 
4 Ka in saline only 50 0 4 49 min.,66min. <1, <.4, <.4, 
<a 


* Ha, 2.5 mg; Arlacel/Bayol, 0.25 ml; mycobacteria, 1.0 mg. 


+ Dilution used 0.1 ml in the skin, A PCA unit causes blueing 8-10 mm; 


tzter 1:8000 contains 80,000 PCA units/ml. 


thus a serv with 


HEMORRHAGIC REACTIONS DURING PROTRACTED ANAPHYLACTIC SHOCK 


longation of the anaphylactic shock, although 
the time necessary for lethal outcome was 
relatively short. 

Since tuberculous guinea pigs show hemor- 
rhagic reactions at intracutaneous sites of 
injection of tuberculin or horse serum 
after intravascular injections of endotoxin 
(5,7), it was decided to test the simi- 
larity of endotoxin shock and the _pro- 
tracted anaphylactic shock by noting the 
reactions to purified protein derivative (PPD) 
(tuberculin reactions) in guinea pigs sensi- 
tized with various proteins incorporated in 
adjuvants containing M. tuberculosis. Gross 
hemorrhages at the site of tuberculin reactions 
were not observed in such animals during or 
after the protracted systemic reaction, al- 
though tuberculin test sites became grossly 
hemorrhagic upon intravenous injection of 
100 wg of E. coli or S. typhosa endotoxin (7 
out of 11 guinea pigs). 

Discussion. Local hemorrhagic reaction. 
The massive hemorrhagic reaction observed in 
guinea pigs sensitized with egg albumin in ad- 
juvants containing mycobacteria is due to 
specific hypersensitivity. It is noteworthy 
that the hemorrhage does not occur in ani- 
mals sensitized with egg albumin in adjuvants 
without mycobacteria even though these 
guinea pigs have circulating antibody in 
amounts comparable to that in guinea pigs 
sensitized with complete adjuvants. 

The association of killed mycobacteria and 
the hemorrhagic reaction suggests sensitivity 
of the delayed type; however, the mechanism 
of the entire reaction leading to the hemor- 
rhage remains obscure. It may be related to 
a “higher” degree of delayed hypersensitivity, 
for it is possible that animals immunized by 
the cutaneous route acquired some “delayed” 
hypersensitivity even when mycobacteria are 
omitted from the paraffin oil emulsion(10). 
It has been shown that anaphylactic shock 
(11) or local antigen-antibody reactions(11, 
12) elicit hemorrhages in sites previously in- 
jected with endotoxins or in tumors in mice 
not previously given lipopolysaccharides(13). 
The latter observation, indicating the pres- 
ence of potentially toxic material in mam- 
malian tissue, has been recently studied by 
Landy and Shear(14). The role of anaphy- 
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laxis in the mechanism of hemorrhagic re- 
actions does not appear to be a major one in 
our guinea pigs since similar amounts of cir- 
culating antibody were found in the two 
groups of animals. Shock of the “delayed” 
type may be involved; however, the sugges- 
tion that delayed shock (or anaphylactic 
shock) might elicit hemorrhages in tissues 
whose endotoxin-like lipopolysaccharides have 
been “activated” by mycobacterial products 
is not supported by experimental evidence. 

The alternative considerations revolve 
around the possible endotoxin activity of my- 
cobacteria themselves. An increased vulnera- 
bility of blood vessels in tuberculous animals 
would be the outcome of the presence of large 
amounts of endotoxin-like material in the cir- 
culation. Such a concept does not exclude 
the role of factors outside the blood vessels 
discussed above, and both elements may take 
part, ze. (1) injury capable of damaging 
fundamentally normal blood vessels, (2) 
lesser injury capable of damaging ‘“vulner- 
able” blood vessels. 

Protracted anaphylaxis. It has been shown 
that circulating antibody prolongs anaphy- 
lactic shock in passively sensitized guinea pigs 
given an eliciting injection of large amounts 
of antigen subcutaneously(15). The syn- 
drome was very prolonged in guinea pigs sen- 
sitized by intracutaneous injection of egg 
albumin in complete or incomplete adjuvants 
(Table II). In this case, prolongation led to 
protection from a lethal outcome for the 
majority of guinea pigs. The death rate from 
protracted anaphylaxis in these animals is in 
sharp contrast with that observed in guinea 
pigs immunized by the subcutaneous route 
with incomplete adjuvants(1). Such guinea 
pigs regularly succumb after an eliciting in- 
jection of 50 mg of Ea given subcutaneously. 
Since prolongation of the anaphylactic syn- 
drome is associated with the presence of cir- 
culating antibodies, these results confirm 
direct evidence(16) of the efficacy of the 
intracutaneous route in immunization. 

In the guinea pigs which died of the ex- 
tremely protracted anaphylactic shock (Table 
II) hemorrhages were observed in the lungs 
and stomach wall. The role of a “delayed” 
hypersensitivity component in this protracted, 
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usually non-lethal syndrome is not known and 
is under investigation. 

The guinea pigs which were sensitized with 
Ea in saline only and which had small 
amounts of circulating antibody died within 
a relatively short period of time. At nec- 
ropsy, there was both emphysema of the lungs 
and stasis in the gastrointestinal tract. 

Summary. 1. A massive hemorrhagic re- 
action was observed at site of subcutaneous 
injection of large amounts of egg albumin in 
guinea pigs sensitized with egg albumin in- 
corporated in water-in-oil emulsions contain- 
ing killed M. tuberculosis or killed M. butyri- 
cum. No hemorrhages were seen in guinea 
pigs sensitized with paraffin oil adjuvants 
without mycobacteria, although these animals 
had circulating antibodies in amounts com- 
parable to those in guinea pigs sensitized 
using mycobacteria. 2. Guinea pigs sensi- 
tized by intracutaneous injection of egg albu- 
min in paraffin oil adjuvants with or without 
mycobacteria underwent a protracted but usu- 
ally non-lethal anaphylactic shock after a 
subcutaneous eliciting injection of egg albu- 
min. On the contrary, in guinea pigs sensi- 
tized by intracutaneous injection of egg albu- 
min in saline alone, death occurred in 39 to 
66 minutes and at necropsy there were mani- 
festations of a combination of symptoms of 
acute (pulmonary emphysema) and _ pro- 
tracted shock. In accordance with previous 
work, prolongation of the anaphylactic syn- 
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drome was associated with the presence of 
antibody in the circulation. 3. Protracted 
anaphylaxis did not cause grossly apparent 
hemorrhages at sites of tuberculin reactions 
to PPD. Intravenous injection of S. typhosa 
or E. coli endotoxin 24 or 48 hours after the 
intracutaneous injection of PPD caused hem- 
orrhages at the sites of tuberculin reactions. 
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Biological Activity of 9a-Fluoro-118-Hydroxy-A‘-Androstene-3,17-Dione.*t 
(24342) 


EUGENIA ROSEMBERG AND RatpH I. DorrMAN 
Worcester Fn. for Experimental Biology, Shrewsbury, and Worcester State Hospital 


Considerable interest in 9a-halogenated Co;- 
steroids has resulted from the findings of Fried 
and co-workers(1) that substitution of the 
9a-hydrogen by fluorine results in compounds 


* Supported in part by Research Grant from 
NEE Wcosbekino, 

+t We are grateful to Dr. S. Bernstein, of Lederle 
Laboratories, who kindly supplied the 9a-fluoro-118- 
hydroxy-A4-androstene-3,17-dione. 


having intensified adrenocortical activity. 
Thus the 9a-fluoro derivative of cortisol has a 
glycogenic activity approximately 5 times 
greater than cortisol in the adrenalectomized 
rat. The 9a-fluoro derivative of corticoster- 
one has a sodium retaining activity 15 to 30 
times that of desoxycorticosterone, and ac- 
tually of the same order as aldosterone. The 
synthesis of 9a-fluoro-118-hydroxy-A‘*-andro- 
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TABLE I. Sodium Excreting Activity of FHA in Adrenalectomized Rats. 


Significance of diff 
of mean compared 
with that of sol- 


Total dose, No. of Na excretion, vent controls 
Steroid ug rat pairs mg/100 g/hr 
0 0 14 1.98 + .12* 
Desoxyeorticosterone 6 16 1,33 + .08 <0.01 
25 16 .79 + .08 we 
FHA 1 4 2.52 + .21 
6 16 1.54 + .09 HH 
25 a 1.29 + .15 a 


* Mean + stand. error of mean. 


stene-3,17-dione(2) (FHA)? has made pos- 
sible a detailed biological study with findings 
that this steroid retains sodium in the adrenal- 
ectomized rat, and that introduction of 9a- 
fluoro group increases uterotrophic activity 
while androgenicity of the compound is de- 
creased. 

Experimental. Sodium excreting activity. 
The sodium excreting activity was determined 
by a modification of the method of Marcus et 
al.(3).  Bilaterally adrenalectomized male 
rats weighing between 135-150 g received a 
sodium chloride load of 45 mg administered 
intraperitoneally together with the test ma- 
terial administered subcutaneously. Urine 
was quantitatively collected over a 6-hour pe- 
riod and sodium determined by flame pho- 
tometer (Perkin-Elmer Model 52-C Instru- 
ment), using lithium as an internal standard. 
In any one experiment, both solvent controls 
(olive oil) and desoxycorticosterone treated 
animals were employed. These groups were 
studied in parallel with FHA. 

Table I summarizes results of the electro- 
lyte studies. In a solvent group of 14 pairs 
of rats, by this method, sodium excretion was 
1.98 + 0.12 expressed as mg/100 g body 
weight/hour. Administration of FHA at the 
1 pg level gave no significant changes in so- 
dium excretion. However, administration of 
6 and 25 pg doses of FHA significantly de- 
creased sodium excretion. These effects were 
not as intense as those found for desoxycorti- 
costerone studied simultaneously. 

Thymolytic and anti-inflammatory. Nei- 
ther thymolytic nor anti-inflammatory activ- 
ity could be demonstrated for FHA. These 
activities were studied in 25-day-old bilater- 
ally adrenalectomized rats, Two 5 mg cotton 


pellets were implanted subcutaneously in each 
rat at operation. The animals were injected 
once daily for 2 consecutive days with steroids 
suspended in Tween so that the daily dose 
was contained in 0.1 ml of diluent. Autop- 
sies were performed one day after last injec- 
tion, at which time body weight and thymus 
weights were determined. The cotton balls 
with adhering tissue were removed from the 
subcutaneous tissue, dried at 100°C for 24 
hours and weighed. 

A total dose of 0.5 mg of cortisol exhibited 
significant thymolytic and anti-inflammatory 
activity while 1 mg of FHA was inactive in 
both tests. 

Uterotrophic activity. The estrogenic ac- 
tivity of FHA was studied by its ability to 
increase uterine weight in the immature 
mouse using the method of Rubin e¢ al.(4). 
The steroid was administered daily in a corn 
oil solution for a period of 3 days, the daily 
dose of both estrone used as a standard and 
FHA were contained in 0.1 ml of solution. At 
autopsy, 24 hours after last injection, the 
uterus was dissected and weighed. 

The results are given in Table II. The sol- 
vent control group of Exp. A had a mean uter- 
ine ratio (uterine wt in mg to body wt in g) 
of 0.93 + 0.10. Administration of estrone at 
levels of 0.05 and 0.1 pg total dose resulted in 
uterine ratios of 1.91 + 0.13 and 4.02 + 0.4, 
respectively. FHA gave a significant response 
at the 50 ug level as judged by a uterine ratio 
of 1.85 + 0.16. At the 5 pg level no activ- 
ity could be detected. 

Exp. B also shows that FHA exhibits dis- 
tinct estrogenic activity. Whereas 11-hy- 
droxy-A‘t-androstene-3,17-dione at 100 pg 
caused no significant increase in the uterine 
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TABLE II.. Uterotrophic Activity of FHA 
(Immature Mouse—Injection ). 


Total No.of Uterine 
Exp. Steroid dose, ug mice ratio 
A 0 0 9 93 =—.10* 
Estrone 05 8 1.91 +.13 
10 8 4.02 +.40 
FHA : ays 8 .97 +.10 
50. 9 1.85 +.16 
B 0 0 Tal 92 +.05 
Estrone 05 10 1.88 +.09 
10 ie 2.89 +.13 
.20 we 4.89 +.30 
11g-Hydroxy-A* 100. de 1.09 +.06 
androstene- 
3,17-dione 
FHA 100. < 1.71 +.07 


* Mean + stand. error. 


ratio (1.09 + 0.06), FHA at the same dosage 
level caused a significant increase in uterine 
stimulation. This group of mice had a uter- 
ine ratio of 1.71 + 0.07 as compared to 0.92 
+ 0.05 for the solvent controls. 

Androgenic activity. Androgenic activity 
was estimated after daily local application of 
corn oil solutions steroid to the chick’s comb 


TABLE III. Androgenic Assay of FHA 
(Chick Comb—Inunction). 


Total No. of 

Steroid dose, ug chicks Comb ratio 

0 0 27 rake) ae {01 
11p-Hydroxy- A*- 80 18 38 + .02 
androstene-3,17- 160 ANG .50 + .03 

dione 

A*-Androstene- 40 19 48 + .03 
3,17-dione 80 18 64 + .05 
160 19 .73 + .04 
FHA 160 18 35 + .02 
320 20 cost Oe 


* Mean + stand. error. 


for 7 days(5). The daily volume of solvent 
was 0.05 ml. Twenty-four hours after last 
application the animals were sacrificed and 
the combs removed and weighed on a torsion 
balance. Body weights were determined and 
the response expressed as the ratio of comb 
weight in mg to body weight in g. Table IIT 
compares androgenic activity of FHA to that 
of At-androstene-3,17-dione and 118-hydroxy- 
A‘-androstene-3,17-dione. 118-Hydroxy-A*- 
androstene-3,17-dione was significantly less 
active than A‘-androstene-3,17-dione, and 
FHA (which has the 9a-fluoro substitution as 
well as the 118-hydroxy grouping) was in- 
active. 

Summary and conclusions. 1) FHA (9a- 
fluoro-118-hydroxy-A*-androstene-3 ,17-dione) 
was an effective sodium retaining substance 
but was inactive in thymolytic and anti-in- 
flammatory tests. This is the first instance of 
a highly active sodium retaining substance in 
the Cy9 series. 2) Introduction of fluorine at 
the 9a-position in 118-hydroxy-A*-androstene- 
3,17-dione resulted in a compound essentially 
inactive as an androgen while the uterotrophic 
activity was intensified as compared to the 
non-fluorinated steroid. 
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Effects of Parathyroid Extract on Sulfate Metabolism of Cartilage and 


Bone Matrix of Rachitic Rats.* 


(24343) 


DANIEL S. BERNSTEIN' AND PuHILtte HANDLER 
Department of Biochemistry, Duke University School of Medicine, Durham, N. C. 


A considerable body of evidence now indi- 
cates that, in addition to its effects in the 
kidney, parathyroid hormone exerts a direct 
action on bone, leading ultimately to an in- 
crease in the serum calcium concentration, 
but the mechanism of this action remains 
obscure. Carnes(1) noted that parathyroid 
extract affected not only mature bone, but 
also elicited the appearance of osteoclastic 
resorption in the cartilage matrix of rachitic 
rats. Following administration of parathy- 
roid extract, Engel(2) observed depolymeri- 
zation of the mucoprotein ground substance 
of bone and of the cartilage spicules at epi- 
physes associated with an increase in plasma 
and urine mucoprotein concentration(3). 
Dziewiatkowski(4,5) found that S*°O, given 
to rats is readily incorporated into the chon- 
droitin sulfate of cartilage; the radioactivity 
level attained a maximum within 24 hrs 
after intraperitoneal administration and de- 
clined slowly thereafter. The plasma S*°O, 
concentration declined rapidly and 95% of 
injected S*°O, was excreted within 120 hrs 
(6). To determine whether parathyroid hor- 
mone influences the metabolism of mucopoly- 
saccharide, it appeared desirable to ascertain 
the effect of the hormone on the incorporation 
and disappearance of S*°O, in chondroitin 
sulfate of cartilage and bone matrix. 


Methods. Weanling, male rats of the Van- 
derbilt strain were fed a high calcium-low 
phosphorus diet (U. S. P. Rachitogenic Diet 
No. 2) for three weeks before use. The diet 
uniformly produced florid rickets in this time. 
The rats were given 37.5 pcuries of S* as 
carrier-free Na»S*°O, in saline, intraperitone- 
ally. In independent experiments, parathy- 
roid extract (200 units, Eli Lilly and Co., 


* These studies were supported by contract be- 
tween Duke University and U. S. Atomic Energy 
Comm. 

+ U. S. Public Health Service Post-doctoral Fellow, 
for Arthritis and Metabolic Diseases. Present ad- 
dress, Peter Bent Brigham Hosp., Boston, Mass. 


Indianapolis) was given, intramuscularly, 
either simultaneous with the Na2S*°O,, 24 hrs 
earlier or 24 hrs later. Only those rats which 
appeared well, continued to eat their rations 
and gained at least 1 g per day after para- 
thyroid administration, were used for the 
subsequent analyses. At intervals thereafter, 
groups of 3 rats were sacrificed and the 
femurs and tibias were removed and cleaned 
of connective tissue and muscle. The cleaned 
bones were kept in the cold in distilled water 
until extraction of the bones for the muco- 
polysaccharide could be performed. 


The method for preparation of mucopoly- 
saccharides was a modification of Astrup’s 
procedure(7). The cleaned bones were pul- 
verized in a micro-Waring blendor until a 
smooth watery homogenate was obtained. 
The homogenate was diluted to 50 ml with 
distilled water and 25 ml of saturated benzi- 
dine hydrochloride was added. After stirring, 
2 ml of 5N HCl was added, the mixture cen- 
trifuged and the supernatant was discarded. 
To the precipitate was added 10 ml of 10% 
NH; and 50 ml of ether and the mixture was 
transferred to a separatory funnel. The aque- 
ous layer was filtered and the filter paper was 
rinsed with a little more 10% NH3. The fil- 
trate was collected and solid NaCl was added 
to a concentration of approximately 0.5%. 
Four volumes of absolute alcohol were then 
added and a white flocculent precipitate was 
obtained by centrifugation. The precipitate 
was dissolved in 10 to 15 ml of distilled water 
and dialyzed against 20-30 volumes of dis- 
tilled water overnight in the cold. The di- 
alysate was freeze-dried, the residue weighed 
and dissolved in distilled water. An aliquot 
was dried in a steel planchet and counted in 
a gas flow counter. Control experiments, in 
which CaS®°O, was added to the bone ho- 
mogenate, indicated that only organically 
bound sulfate was determined by this pro- 
cedure. Moreover, all radioactivity migrated 
with the mucopolysaccharide on paper electro- 
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FIG. 1. Influence of parathyroid hormone on incor- 
poration and release of sulfate-S*® in chondroitin 
sulfate of rachitic rat cartilage. 


phoresis of the polysaccharide obtained after 
administration of S*°O, to the rats. 

Results. Fig. 1 shows the data which were 
so obtained. In each case, parathyroid hor- 
mone markedly increased the rate of incor- 
poration of S*°O, into chondroitin sulfate. 
The most striking response was seen when 
parathyroid extract was given 24 hrs after 
administration of S?°O,. No explanation is 
apparent for the biphasic curve obtained, but 
there can be no doubt of the reality of this 
response since the experiment was performed, 
independently, 5 times, with 3 rats used for 
each point in each experiment, and with es- 
sentially identical data obtained in each run. 
It was thought possible that parathormone 
inhibition of renal sulfate excretion, with con- 
sequent maintenance of a higher extra- and 
intracellular concentration of S®°°O,, might 
account, in part, for these data. However, in 
separately conducted experiments, no sig- 
nificant influence of parathyroid hormone on 
renal sulfate excretion, in normal or rachitic 
rats, was observed. No observations were 
made of the influence of parathyroid hormone 


in normal rats since the method for obtaining 
the mucopolysaccharide is not satisfactory 
with normal bone. 

The mechanism whereby parathyroid hor- 
mone effects the changes observed in these 
studies is unclear. However, it seems likely 
that they reflect a “direct” influence of this 
hormone on the metabolism of the mucopoly- 
saccharide of bone and it may be assumed 
that these changes are related to the gross 
chemical and histological changes in bone 
after parathyroid hormone administration. 
Alteration of the configuration or charge of 
the mucopolysaccharide might well suffice to 
prevent it from binding calcium or from par- 
ticipating in the complex with collagen which 
initiates calcification as suggested by Sobel 
(8). 

Summary. Incorporation of S*°O, into the 
mucopolysaccharide of rachitic cartilage, and 
its subsequent release, were enhanced by ad- 
ministration of parathyroid extract when 
given before, with, or after the labelled sul- 
fate. The mechanism of operation of para- 
thyroid hormone in this regard is unclear, but 
these observations reinforce the possibility 
that the action of the hormone on bone is 
mediated by its influence, direct or indirect, 
on the metabolism of bone mucopolysaccha- 
ride. 
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Attempts to characterize mineralization of 
preosseous cartilage indicate existence of 3 
discrete phases, starting with formation of nu- 
clei of crystallization, continuing with their 
growth, and ceasing upon attainment of a 
finite crystal size. Ability to distinguish be- 
tween these phases is essential to further our 
understanding of the underlying mechanisms 
involved, and to avoid anomalous results. The 
critical step in this process is the formation of 
nuclei, since extra-cellular fluids appear to be 
supersaturated with respect to bone mineral 
(1). It must be understood that the existence 
of nuclei necessary for crystal growth repre- 
sents a concept. It is the smallest particle on 
which crystal growth can take place, in a 
given supersaturated solution. Formation of 
such nuclei according to this concept is more 
difficult than subsequent crystal growth. The 
calcifiable matrix presumably mediates forma- 
tion of nuclei for growth of bone crystals. Di- 
rect visualization, or other methods of differ- 
entiating calcifying systems containing nuclei 
are needed for the understanding of the pri- 
mary steps of calcification. 

’ Methods of differentiating rachitic bone 
sections which have been immersed in calcify- 
ing solution from fresh sections or controls 
immersed in the same solution without cal- 
cium and phosphate are described. With our 
existing knowledge the most probable inter- 
pretation of these differences is that nuclei of 
crystallization or micro-crystals have formed 


* A portion of this material was presented before. 
(1) Meeting of Fed. Am. Soc. Exp. Biol., Chicago, 
April 15, 1957, Fed. Proc. 1957, v16, 252), and (2) 
the 4th International Congress of Nutrition, Paris, 
France, July 26, 1957. This paper is to be presented 
before the IVth Internat. Cong. of Biochemistry, 
Vienna, Austria, Sept. 1-6, 1958. 

These studies were supported by: (1) Nat. Inst. of 
Dental Research, N.I.H., P.H.S.; (2) Office of Naval 
Research; and (3) the U. S. Air Force School of 
Aviation Medicine. Repreduction in whole or in 
part is permitted for any purpose of the U. S. Gov- 
ernment. 


below the threshold of visibility of the silver 
stain, particularly since the same differences 
were found when sections were employed in 
which some calcification was detected by the 
silver stain. We will refer to rachitic bone 
sections exposed to the calcifying solution for 
2 hours as “nucleated” sections. This does not 
exclude some other possible explanation for 
the differences found. The first method is use 
of magnesium combined with iodoacetate. 
Previous studies by DiStefano(2) and from 
this laboratory(3,4) have shown that tibial 
sections treated for 2 hours in calcifying solu- 
tion form nuclei whose further growth is no 
longer inhibited by iodoacetate. As seen in 
Table I, iodoacetate in conjunction with mag- 
nesium ion inhibits calcification im vitro, be- 
fore nuclei formation, far more decisively than 
the iodoacetate alone. There is very little or 
no inhibition by these ions after “nucleation.” 
The synergistic behavior of magnesium and 
iodoacetate appears similar in principle to the 
cation-linked inhibition of cyanide and fluor- 
ide previously reported(5-7). The second 
method of differentiating between “nucleated” 
sections and the nuclei-forming mechanism in 
non-nucleated sections, was to shake rachitic 
sections in distilled water either for half an 
hour or 1 hour. Following such treatment, 
all fresh (non-nucleated) sections lost ability 
to calcify. The ‘‘nucleated’”’ sections, 12.e. 
treated for 2 or 4 hours in an im vitro calcify- 
ing medium of Ca x P = 50, retained the 
ability to calcify (Table II). Another means 
of nucleation, used in previous study(4), was 
the treatment of sections with calcium ion, 
followed by phosphate ion. Although this 
treatment is not a physiological one, chemical 
studies showed that there was a marked in- 
crease in in vitro mineralization subsequent to 
it. The third method of differentiating be- 
tween “nucleated” sections and the nuclei- 
forming mechanism was to immerse rachitic 
sections for 10 or 30 minutes in distilled water 
that had been preheated and maintained at 
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76-77°C in a constant-temperature bath. Fol- 
lowing such treatment, fresh sections, even 
after 10 minutes, lost ability to calcify. The 
“nucleated” sections, previously treated for 2 
hours in an in vitro calicfying medium of 
Ca x P = 50, retained ability to calcify even 
after 30 minutes at 76°C, on 18 hours’ incu- 
bation in in vitro calcifying solution (with a 
Ca x P of 50), or a similar solution which con- 
tained in addition 3 mM iodoacetate and 1 
mM magnesium ions/] (Table III). An in- 
teresting aspect of the “nucleated” sections 
was that calcification in vitro could be ob- 
tained in trace amounts at a Ca x P product 
of 10 and more definite amount at a Ca 
x P product of 20. The non-nucleated (fresh) 
sections from animals that never lost weight 
while on the rachitogenic diet showed a trace 
of in vitro calcification at a Ca x P product of 
30 and a more definite amount at a Ca x P 
product of 40 and above. The degree of im 
vitro calcification in fresh, non-nucleated sec- 
tions at a Ca x P product of 40 corresponded 
to the degree of in vitro calcification in “nu- 
cleated” sections at a Ca x P product of 20. 
Some of these data are presented in Table IV. 
During the course of these studies, Thomas, 
Connor, and Howard(8) reported that tibial 
sections which had been partially calcified at a 
high product, or which had mineralized in the 
animal during an interval of forced starvation 
accompanied by loss of weight, could continue 
to calcify in vitro at a lower product than that 
required to produce calcification in fresh ra- 


“NUCLEATION” IN PREOSSEOUS CARTILAGE 


TABLE I. Effect of Iodoacetate with and without 

Magnesium on Jn Vitro Calcification of Hyper- 

trophie Epiphyseal Cartilage, with and without 
Pretreatment in Caleifying Medium. 


Degree of in vitro calcification®™ 
after 18 hr in Ca (10 mg %) 
«x P (5 mg %) = 50 ealci- 
fying medium: 


Cone. of iodoace- 


Pretreated 2 hr 


tate in Ca (10 in Ca (10 mg 
mg %) XP(5 %) X P(5mg 
mg %) = 50cal- %) = 50 ealci- Not 
cifying medium fying mediumt pretreated 
Magnesium-free — mean ———_———, 
0 mM iodoacetate 2.0(++++) 1.8(++++) 
1 Oe earn a te ee Gy aie ee 
3 13 (+++) 13 (+++) 
5 15 (+++) 9 (+44) 
10 12 (+++) 6 (++) 
Containing 1 mM /1 
magnesium 
0 mM iodoacetate 15(++++) 1.5(+++-+) 
al 1.5(++++) trace 
3 1.3.0 Oy 
5 Lr) 0 (0) 
10 1.0 (+++) ~ 06) 


* Degree of calcification was graded as follows: 
No calcification, 0(0); maximum ealcification, 
4(++++). Length of line of silver deposited 
is designated by +-’s and its thickness or width by 
the No. preceding the parentheses. Since width of 
deposit is rarely uniform, the No. preceding the 
parentheses is an avg obtained by assaying each 
quarter of the line (under 32X magnification) and 
taking the avg. 

+ After 2 hr of pretreatment, the silver stain test 
was 0 (0). 


chitic sections. Staining produced by the sil- 
ver line test was above the threshold of visi- 
bility. In our experiments the sections were 


TABLE II. Effect of Shaking Nucleated and Non-nucleated Sections with Distilled Water for 
Half an Hour and One Hour, Followed by Calcification In Vitro. 


Treatment 


Degree of in vitro ealei- 
fication* after 18 hr: 


Ca (10 mg %) X 
P (5mg %) = 50 


Pretreated in Ca (10mg %) X P (65mg %) = 50 ealeifying 


medium to produce nuclei: 


After 2 hr pretreatment,t shaken 14 hr in distilled water 
, ” ” ” ” 


’ 


Idem 
After 4hr pretreatment,f =” 


Not pretreated: 
Shaken 1% hr in distilled water 
” il ” ” ” ” 
Not shaken + He de 


1 
1” ” ” ” 


mean 


10 (+++) 


8 (++) 
1.6 (+4++4) 


* First footnote, Table I, contains description of the code. 
+ After 2 hr of pretreatment, silver stain test was 0 (0). 
} After 4 hr of pretreatment, silver stain test was 1.0 (+-+-+-++), but deposit was of a very 


light gray color. 
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TABLE III. Effect of Heating Nucleated and Non-nucleated Rachitie Tibial Sections at 76° 
to 77°C, 


Treatment 


Degree of in vitro caleification® in solutions 
containing : 
Ca (10 mg %) X Ca (10 mg %) X 
P(5mg%)=50 P(5mg%) =—50, 
+ 1mM magnesium 
+ 3 mM iodoacetate 


Pretreated in Ca (10 mg %) X P (5mg %)—50 


mean aN 


ealeifying medium for 2 hr to produce nuclei: 


Heated 10 min. at 76°-77°C 
30 "7 * 
Not pretreated: 
Heated 10 min. at 76°-77°C 
Not heated 


0 


0) 
La C++--+) 0 (0) 


* First footnote, Table I, contains description of code. 


definitely rachitic and no silver stain could 
be detected in sections that were pretreated 
for 2 hours at a Ca x P product of 50. Thus 
it may be concluded that nuclei below the 
threshold of silver stain visibility undergo 
growth at a lower Ca x P product than that 
necessary for formation of these nuclei. The 
clinical significance of this phenomenon has 
been amply discussed by Thomas et al.(8). 
Of the foregoing methods of testing for “nu- 
cleation,” the iodoacetate inhibition in the 
presence of magnesium appears to be the most 
sensitive. The processes of heating or shak- 
ing minimally “nucleated” sections in water 
for long periods of time may conceivably dis- 
solve the nuclei. Calcification at a lower 
product, while it is, by definition, most typi- 
cal of the presence of nuclei, in itself cannot 
be regarded as a specific test since this may 
be obtained in embryonic cartilage(9); fol- 
lowing preliminary shaking with calcium 
chloride(10); following treatment with cal- 
cium, then phosphate ions(3,11); and follow- 
ing treatment with calcium-ATP mixtures 


(12). Therefore, it is important to establish 
the presence or absence of nuclei in interpret- 
ing minimum products of calcification when 
studying: the roles of enzymes(2,9); effect of 
loss of weight of rachitic animals(3) ; effect of 
administration of hormones; and influence of 
heat, cold, chemicals and radiation on in vitro 
calcification, for if nuclei are present, errone- 
ous conclusions may be drawn. In addition, 
the influence of injections im vivo of various 
substances or shifts in diet of experimental 
animals may produce nuclei rather than 
changes in the mechanism of nuclei forma- 
tion, which hitherto was referred to as the 
calcifying mechanism. These studies indicate 
the need for differentiating between factors 
responsible for nuclei formation and those re- 
sponsible for growth of nuclei to crystals, and 
emphasize the importance of these phenomena 
in future investigations, as well as re-evaluat- 
ing calcification in vitro studies of the past. 
Experimental. Weaned Wistar strain rats 
were fed a rachitogenic diet for 3 to 4 weeks 
and weighed daily, starting the fifth day on 


TABLE IV. Effect of Various Ca & P Products on In Vitro Calcification of Hypertrophic 
Epiphyseal Cartilage with and without Pretreatment for 2 Hours in Calcifying Solution at 
Ca (10 mg %) K P (65mg %) = 50. 


Calcifying solution 


Degree of in vitro ealcification*® after 18 hr 
in calcifying medium: 


Pretreatedt Not pretreated 


Ca X P=10 (Ca=2mg%,P=5mg %) 
5 ) 


we 2) ( 4 ; 
ee = 30 6 : 5 
50 (10 ; 5 


= mean = 
trace 0 (0) 
10 (++) 0 (0) 
1.2 (+++) trace 
2.0(+4+++)  L7(++++4) 


* First footnote, Table I, contains description of code. 
+ After 2 hr pretreatment, silver stain test was 0 (0). 
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the diet. Tibial sections from animals that had 
not lost weight while on the diet were pre- 
pared as previously described(13,14). If 
healing was observed, the bones were dis- 
carded. The composition of the calcifying 
solution, except for indicated amounts of cal- 
cium, phosphate, magnesium, and iodoacetate, 
was as follows: NaCl, 0.07M; KCl, 0.005 M; 
and NaHCOs, 0.022M. Pretreatment of tibial 
sections in the im vitro calcifying medium was 
accomplished by placing each slice into a 50 
ml Erlenmeyer flask filled with the solution 
at pH 7.3 + 0.05. The flask was tightly 
stoppered and placed in a 37° incubator for 
either 2 or 4 hours. After incubation, the 
sections were removed singly, with forceps, 
and rinsed with distilled water. The iodoace- 
tate solution was made from sodium salt which 
was purified by dissolving the salt in a mini- 
mum amount of anhydrous ethyl ether. The 
white precipitate was filtered, washed several 
times with ether, and dried in a vacuum desic- 
cator. Purity of the salt was determined by 
converting a sample to the acid. The melting 
point of the resulting iodoacetic acid was 
82°C. Magnesium ion solution was prepared 
either from pure sample of magnesium car- 
bonate, dissolved in redistilled hydrochloric 
acid, brought to dryness and dissolved in dis- 
tilled water, or directly from pure magnesium 
sulfate. In either case the stock solution con- 
tained 1 M magnesium ion/1. 

Summary. Methods of differentiating ra- 
chitic tibial sections that do not contain nu- 
clei of crystallization in the preosseous carti- 
lage from those that have been exposed to the 
calcifying solution but are below the threshold 
of visibility of the silver stain test are pre- 
sented. These exposed sections are regarded 
as “nucleated” because they exhibit properties 
similar to those where calcification is visible 
with the silver stain test. ‘“‘Nucleated”’ sec- 
tions calcified zm vitro while the non-nucle- 
ated sections showed complete inhibition when 


“NUCLEATION” IN PREOSSEOUS CARTILAGE 


subjected to the following: (a) incubation in 
a calcifying medium (Ca x P = 50) contain- 
ing a mixture of iodoacetate and magnesium 
ions; (b) shaking in distilled water at room 
temperature for half an hour, followed by in 
vitro calcification at a Ca x P product of 50; 
and (c) heating in distilled water at 76-77°C 
for 10 minutes, followed by in vitro calcifica- 
tion at a Ca x P product of 50. Calcification 
in vitro of “nucleated” sections took place at 
a lower Ca x P product than that needed for 
in vitro calcification of fresh, nuclei-free sec- 
tions. It is suggested that the absence of 
nuclei should be established in studies of the 
nuclei-forming mechanism. 
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Antigenicity of glutamyl polypeptides has 
been the subject of many studies. Early in- 
terest arose from the fact that these peptides 
were one of the components of the capsule of 
Anthrax Bacillus and of Subtilis-Mesentericus 
group of organisms(1,2). Another more re- 
cent source of interest in antigenicity of these 
glutamyl peptides is the fact that polymers 
of them have been shown to have promise as 
plasma volume expanders(3). Interest has 
centered both on polymerized glutamyl pep- 
tides synthesized from straight chain peptide 
obtained from culture filtrates of B. mesen- 
tericus and on synthetic glutamyl peptides. 
The antigenicity of synthetic peptides has 
been studied by Stahman(4) and by Maurer 
(5) with somewhat discrepant results. This 
report presents data on antigenicity in hu- 
mans of a branched chain glutamyl polymer 
which by actual test had molecular dimen- 
sions required for a satisfactory plasma vol- 
ume expander in humans. As the question of 
antigenicity in humans of an otherwise suit- 
able expander is of critical significance the 
findings are of considerable interest but must 
be confirmed by further studies. 

Materials and methods. The glutamyl] pep- 
tide polymer was prepared by previously de- 
scribed methods(3,6). The backbone and 
side chains were gamma linked peptides ob- 
tained from B. mesentericus culture filtrates. 
The molecular weight was approximately 80,- 
000 by light scattering methods. The half 
life in blood stream of humans was approxi- 
mately 15 hours. The material was essen- 
tially free of polysaccharide by the anthrone 
test, showing less than 2 yg of color-producing 
material/200 mg of peptide. It was dissolved 
as polysodium salt in isotonic saline to give a 
2.5% solution. Immunization procedure in 
24 human volunteers was essentially the same 
as that of Kabat and Berg(7) in testing anti- 
genicity of dextran preparations. After pre- 
immunization bleeding, subjects were skin 


tested on one forearm with intracutaneous 
injection of 50 yg of polymer, and with a 
saline control on the other forearm. Skin 
tests were read in 20 minutes, 24 hours and 
72 hours. After the 72-hour reading 2.5 mg 
of polymer in saline solution was injected sub- 
cutaneously. Another similar strength immu- 
nizing dose was given 12 days later. Two 
weeks later the skin test was repeated and 
read at the same time intervals. Then blood 
was taken for serological studies. Those sub- 
jects showing any evidence of reaction were 
skin tested again one month later. Quantita- 
tive precipitin tests were performed by the 
method of Heidelberger and McPherson(8) 
using the Folin-Ciocalteu tyrosine reagent as 
described by Kabat(9). Sera were kept in 
refrigerator for 2 weeks to remove comple- 
ment. Three ml aliquots of pre- and post- 
immunization sera were mixed in 15 ml coni- 
cal bottom centrifuge tubes with varying 
amounts of polymer (Table II) and incubated 
at 37°C for 1 hour. They were then kept in 
refrigerator for 1 week with mixing twice a 
day. Any precipitate was collected by cold 
centrifugation and washed twice with cold 
saline prior to analysis. Complement fixation 
test was a standard test carried out overnight 
at 4°C. Pre- and post-immunization sera 
were tested against a range of concentrations 
of polymer. 

Results. Positive findings in skin testing 
were limited to 6 subjects of the 24 tested 
(Table I). The other 18 subjects were nega- 
tive and in none of the 24 was there any evi- 
dence of a pre-immunization reaction to the 
polymer. 

In 3 subjects, No. 3, 4 and 16, on the first 
post-immunization skin test, there were ery- 
thematous areas, 2 to 4 cm in diameter, ap- 
pearing within 20 minutes at site of injection. 
These disappeared within 2 hours. There 
was no itching accompanying these reactions. 
These 3 subjects showed negative reactions 
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TABLE I. Skin Tests. 


Post-immunization 


Subject Ist 2nd 
No. immunization 20min, 24hr 72 hr Subsequent retest 1 mo later 
3 = = 4, — — No reaction 
+ _- — 2.5 — — Idem 
15 _- — 3. — — 1 em diameter area of erythema with some 
itching in 20 min.; disappeared in % hr 
16 _—_- — 2. — = No reaction 
ity ROT RY” 4, — — 2 em diameter area of erythema lasting 8 hr; 
no wheal present 
18 = — 4, 2.5 — No reaction 


Numerical value is equivalent diameter area of skin reaction in em. 

R®—Subject #17 showed 4 em diameter area of erythema plus itching lasting for 2 hr at 
site of inj. on 4th day following Ist immunizing dose. : 

R®—Subject #17 showed 4 em diameter area of erythema at test site with 10 em wheal oce- 


curring in 20 min. and lasting 10-12 hr. 


when skin tested a month later. In subject 
No. 15, there was on post-immunization skin 
testing, a 3 cm erythema appearing within 20 
minutes and disappearing within an hour. 
This subject also showed on skin testing one 
month later, a 1 cm area of erythema at site 
of injection, accompanied by some mild itch- 
ing, appearing within 20 minutes and disap- 
pearing in 2 hours. Subject 18 had a 4 cm 
diameter area of erythema at site of injection 
on post-immunization skin test injection, per- 
sisting for 24 hours. This subject showed no 
reaction on skin testing one month later. 
None of these 5 subjects showed a wheal at 
any of the areas of erythema. 

Only one subject had what was thought to 
be a significantly positive reaction. This sub- 
ject, No. 17, showed a 4 cm diameter area of 
erythema plus itching, lasting 2 hours, at site 
of injection on fourth day after first immu- 
nizing injection. Prior to the second immu- 
nizing injection a skin test showed a similar 
reaction occurring at site of injection within 
20 minutes and lasting 10 or 12 hours. A 1 
cm wheal accompanied this reaction. The 
second immunizing dose was therefore omit- 
ted. This subject also showed a 4 cm diam- 
eter area of erythema at site of injection, ac- 
companied by a wheal, and lasting 24 hours 
on the first post-immunization skin test as 
well as a 2 cm diameter erythematous area at 
site of injection with no wheal but lasting 8 
hours, when skin tested one month later. 

According to Kabat and Berg(7) only val- 
ues of 2 yg or greater of precipitable antibody 
N/ml in a given serum, or a 2 pg or greater 


rise in precipitable antibody N/ml of serum 
between pre- and post-immunization sera, is 
considered significant. According to these 
criteria only 1 subject, No. 15, showed a posi- 
tive reaction (Table IT). 


The results of the complement fixation tests 
were completely negative in that serum of 
none of the 24 subjects showed complement 
fixation with the polymer when used in con- 
centrations varying from 10 to 500 ug with 
undiluted serum. 


Discussion. The results show completely 
negative reaction to all 3 tests in 18 of the 24 
subjects. Of the remaining 6, 4 show what 
was considered a questionable or minimal 
skin reaction 2 weeks after the last immuniz- 
ing dose, a negative reaction one month later 
and negative serological tests. It is believed 
that at most there is questionable or minimal 
sensitivity in these 4. Subject 15 showed 
minimal skin reaction and the only positive 
precipitin in the group. Subject 17 showed 
what we consider the only real skin reaction 
but negative serological tests. It is pertinent 
that subject 17 was a known severely allergic 
person, highly sensitive to many common 
allergens. 

It is interesting to compare these results to 


TABLE II. Precipitin Tests. 


g of polymer added 
Subject #15 2. 10 20 25 35 50 100 200 


25 OP ORO sea0) 
YO OM Om @ 


Pre-immunization 0 0 0 
Post- 4° 52> oie ake (0) 


Values refer to ug of antibody nitrogen precipi- 
tated/ml of serum, 


RESERPINE EFFECT ON SERUM CHOLESTEROL 


those obtained by Kabat and Berg(7) in 
studying antigenicity of Dextran, another 
plasma expander which had been found clini- 
cally acceptable. As part of a larger study 
group Kabat tested 3 different samples of 
clinical dextran in 24 subjects. Of the 24, 9 
showed positive skin tests after immunization 
with 7 of the 9 showing a 1+ or stronger re- 
action. A 1+ reaction was defined as a wheal 
of about 3-6 mm greater than that obtained 
in the same subject with the saline control 
with a surrounding erythema when read 15 
to 20 minutes after the injection period.* Of 
these 9, 7 showed a rise of 2 »g or more of 
precipitable antibody nitrogen/ml of serum 
after immunization and 1 of the remaining 2 
had more than 2 ug of precipitable antibody 
nitrogen/ml of serum prior to immunization. 
Maurer(10) obtained generally similar re- 
sults in testing 4 samples of clinical dextran 
in 30 subjects, 8 of whom showed significant 
post-immunization antibody N rises with 6 of 
these 8 developing positive post-immuniza- 
tion skin tests. 

It is difficult to make an exact comparison 
but insofar as the positive skin reactions in 
Kabat’s study showed wheals as well as ery- 
thema plus other signs of reaction generally 
lasting 1 day or longer in the more severe 
cases (those showing a 2+ or 3+ reaction), 
as well as significantly positive serological 
tests, it seems that glutamyl peptide polymer 
compared favorably with dextran with respect 
to weakness of antigenicity in humans. 

Many attempts to immunize rabbits and 


* Personal communication from Dr. Kabat. 
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guinea pigs with our linear or polymerized 
glutamyl peptides have been negative. 
Summary. 1) Antigenicity of a polymer of 
glutamyl peptide has been tested in 24 human 
volunteers. The polymer was of molecular 
weight and dimensions suitable for use as a 
plasma volume expander in humans. Skin 
tests, precipitin tests and complement fixa- 
tion tests were performed on all subjects. 2) 
The results show 18 subjects with completely 
negative reactions by all 3 tests. There were 4 
skin test reactions of dubious significance and 
one of real significance. There was one sig- 
nificantly positive serological reaction in a 
person showing a minimal skin reaction. 
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Effects of Reserpine on Cholesterol Levels in Cholesterol-Fed Rabbits.* 
(24346) 


CEsAR Somoza (Introduced by C. A. Krakower) 
(With technical assistance of Harvey Locker) 
Department of Pathology, University of Illinois College of Medicine, Chicago 


It has been suspected that severe emotions 
and what is called ‘mental stress” might have 
some relation to elevations in blood choles- 

* This investigation was supported by USPHS 
Grant. 


terol. Lyons(1) reported experiments in 
which serum cholesterol elevations were ob- 
served in cats when placed in cages sur- 
rounded by barking dogs. Selye(2) described 
a biphasic response of serum cholesterol in his 
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adaptation syndrome. Recently Wertlake et 
al.(3) observed a significant increase in mean 
value of serum cholesterol in a group of 
healthy students under “mental stress” during 
examination week. It is not yet known what 
role, if any, the brain plays in serum choles- 
terol regulation. It has been shown however 
that a significant decrease in mean serum cho- 
lesterol is exhibited by cholesterol-fed rabbits 
following chlorpromazine administration (4,5) 
and that this drug induces a sharp fall in 
blood lipids in hyperlipemic man(6). It 
therefore appeared possible that reserpine 
might also have some action on cholesterol 
levels of cholesterol-fed rabbits. 

Method. ‘Thirty-four male albino rabbits, 
weighing an average of 2.823 kg, were divided 
into 3 groups: Group I, fed a stock diet con- 
taining 0.2% cholesterol, were injected 3 
times weekly with normal saline. Group II, 
fed the same diet, received 0.04 mg/kg reser- 
pinet IM 3 times weekly. Group III, fed 
stock diet without added cholesterol, received 
similar reserpine injections. Each rabbit of 
Groups I and II received daily 100 g of the 
cholesterol food. Food consumption was re- 
corded. Each kg of cholesterol food was 
made separately and kept apart for each rab- 
bit. Rabbits were weighed and about 6 cc 
blood withdrawn from ear vein at beginning 
of experiment and at end of third, fourth and 
sixth week. Total serum cholesterol deter- 
minations were performed by method of Abell, 
Levy, Brodie and Kendall(7). Feces of 10 
rabbits of Groups I and II were collected dur- 
ing last 5 days of experiment. To exclude 
irregularities in physical distribution of cho- 
lesterol of stock diet during this last 5-day 
period, each rabbit daily received and con- 
sumed a separately prepared mixture of 100 g 
of the diet. Feces collected on each of days 
2-5 were dried to constant weight, pulverized 
and sifted. Total cholesterol was determined 
on 3-4, one g samples from each specimen. 
Feces, with 10% alcoholic solution of KOH, 
were placed in boiling water bath for 3 hours. 
Cholesterol was extracted with 4, 50 ml por- 
tions of ether, washed and filtered. After 
evaporation, the sediment was treated as for 


t Generously supplied by Ciba Pharmaceutical 
Products. 
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serum cholesterol determination. Animals 
were killed at end of sixth week and a com- 
plete gross and microscopic autopsy per- 
formed. The aortas were thoroughly washed 
with physiological saline solution and, after 
brief fixation in 10% formalin, stripped of ad- 
ventitia and stained with Sudan IV. Sections 
of liver, spleen and adrenals were also stained 
for lipids. 

Results. During the experiment, 6 rabbits 
were found dead: 3 from Group I, 2 from 
Group II, and 1 from Group III. Of the re- 
mainder, 12 were cholesterol-fed controls 
(Group I), 10 were cholesterol rabbits treated 
with reserpine (Group II) and 7 were reser- 
pine controls (Group III). No clinical side 
effects due to reserpine were observed. 

Autopsy findings. No difference in weight 
of organs was observed between Groups I and 
II except for the adrenals. Mean weight of 
both adrenals in Group I was 540 mg; Group 
II, 420 mg; Group III, 330 mg. This differ- 
ence is not significant. Amounts of choles- 
terol added to the diet had been reduced to a 
minimum to prevent overloading of rabbit’s 
weak mechanism for cholesterol disposal. No 
considerable deposits of lipid, therefore, were 
expected to be found in the organs. Sections 
of liver stained with Sudan IV failed to show 
any sudanophilic material except in 1 case, a 
cholesterol control. Small amounts of sudano- 
philic lipid material were found in 4 spleens, 
3 cholesterol controls and 1 animal on choles- 
terol diet and reserpine. Adrenals of choles- 
terol controls also showed larger deposits of 
sudanophilic material than those of Group II. 
After grading, the Sudan IV-stained aortas 
were divided into 3 groups. One group, con- 
taining moderate amounts of sudanophilic 
material, included 3 animals on cholesterol 
and 1 animal on cholesterol and _ reserpine. 
Another group contained 4 aortas completely 
devoid of sudanophilic material. This in- 
cluded 1 cholesterol control and 3 animals on 
reserpine and cholesterol. The third group in- 
cluded the remaining aortas in which content 
of lipid material was too small for accurate 
grading. 

Hematoxylin and eosin sections taken from 
different organs showed no significant path- 
ology with the exception of kidneys of 5 rab- 
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TABLE I. Total Serum Cholesterol in Reserpine-Treated and Cholesterol-Fed Rabbits. 
Total serum cholesterol, mean, mg/100 ml 
No. Wks of exp. 

Group animals 0 3 4 6 
Cholesterol only I 12 75 +27* 221+ 98 236 + 114 357 + 189 
; & reserpine i it 10 70 + 25 159 + 74 150+ 82 199+ 95 
Reserpine only Ill 4 72 + 27 57 +18 81+ 39 

Significance of differences between Groups I WISP) Oia Pre ail P—.02 


and IT (P values) 


“SHER 


bits: 3 rabbits on cholesterol diet treated with 
reserpine, and 2 reserpine controls. Some of 
these kidneys were paler than those of con- 
trols and, on section, showed a few minute yel- 
low or red spots scattered over the medulla 
and cortex. Microscopic examination revealed 
discrete, well delimited lesions which seemed 
to affect only the tubules of the cortex and 
medulla. Some tubules in these areas were 
considerably dilated and others were col- 
lapsed. Interstitial tissues were extensively 
infiltrated with inflammatory cells. The type 
of inflammatory cell varied in different lesions, 
suggesting different stages of evolution. In 
some, infiltration was made up mainly of 
eosinophils and neutrophils. Minimal amounts 
of tissue debris were also seen. In other ex- 
amples, infiltration was of a more chronic type 
and the predominant cells were lymphocytes 
and plasma cells. In an occasional case, no 
inflammation was seen but focal areas of fibro- 
sis, possibly representing healed lesions. All 
of these lesions were observed only in animals 
of the 2 groups treated with reserpine. 

Food consumption and body weight. There 
was little difference in food consumption be- 
tween Groups I and II, and in gain in weight 
for all 3 groups. 

Feces chemistry. There was no significant 
difference between values of cholesterol re- 
covered from feces of rabbits of Groups I and 
II. Mean total cholesterol value/day was 150 
mg in reserpine-treated rabbits and 130 mg 
in cholesterol controls. 

Blood chemistry. Cholesterol levels rose 
progressively in all cholesterol-fed rabbits; 
however, after the third week of experiment, 
cholesterol levels in animals treated with res- 
erpine increased at a much lower rate than in 
cholesterol-fed controls (Table I). At the 
end of experiment, mean value of serum cho- 


lesterol of reserpine-treated rabbits was con- 
siderably lower than that of cholesterol con- 
trols. Reserpine-treated rabbits on normal 
diet did not show significant variation of se- 
rum cholesterol level. 


Discussion. The inhibitory effect of reser- 
pine on hypercholesterolemia in cholesterol- 
fed rabbits seems unrelated to a deficient ab- 
sorption of cholesterol in the intestine. No 
explanation can be advanced as to whether 
there is an increase in cholesterol catabolism 
or a decrease in formation of endogenous cho- 
lesterol. Possibly, the hypocholesterolemic 
effect might be mediated through the sero- 
tonin effect of reserpine. No studies, how- 
ever, are available on effects of serotonin on 
serum cholesterol levels. The kidney lesion is 
similar to that seen following serotonin injec- 
tions in the rat(8) and thus may be related 
to the altered serotonin levels reported by 
Shore et al.(9) following injections of reser- 
pine. The scattered distribution and good de- 
limitation of these lesions are suggestive of an 
ischemic mechanism. 

Summary. Rabbits given injections of res- 
erpine and fed a high cholesterol diet showed 
significantly lower mean serum total choles- 
terol levels and less lipid deposition in aorta, 
liver, spleen and adrenals than non-treated 
animals on the same diet. No variation was 
observed in rabbits treated with reserpine on 
a stock diet. Some rabbits treated with reser- 
pine showed a kidney lesion similar to that 
described in rats treated with serotonin. 


The author is indebted to Doctor Ruth Wong for 
help in early stage of experiment. 
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Mitosis Stimulating Factor in Serum of Unilaterally Nephrectomized Rats.* 


(24347) 


' Kazuo Ocawat AND WIKTOR W. NowINSsKI 
Tissue Metabolism and Tissue Culture Lab., University of Texas, Medical Branch, Galveston 


Glinos and Gey found that serum from par- 
tially hepatectomized rat has growth-promot- 
ing effects on primary liver explants and on 
strain of fibroblasts cultured in vitro with re- 
spect to initiation of outgrowth, organization 
and morphology of colonies, and duration of 
growth period(1). In addition, Friedrich- 
Freska and Zaki injected a rat with rat serum 
obtained 2 days after partial hepatectomy and 
found that the number of mitoses in liver in- 
creased 20 times whereas normal serum caused 
only a slight increase. The effect of serum was 
specific for liver and due to non-dialyzable 
protein (albumin or globulin) fraction(2). 
Teir and his co-workers investigated a growth- 
stimulating factor in liver homogenates from 
newborn or partially hepatectomized rats. 
When such homogenates are injected intra- 
peritoneally into intact rats, the number of 
mitoses in liver of normal rat increases(3). 
They suggested existence of a local growth 
factor in addition to the general systemic 
growth regulation. In the present investiga- 
tion, an attempt was made to demonstrate the 
presence of a growth-promoting factor in 
serum of unilaterally nephrectomized rat with 
respect to mitotic activity. 

Methods and materials. Outer medullas of 


* Grateful acknowledgement is made to Dr. C. M. 
Pomerat who extended us facilities for tissue cultures, 
and to Dr. Y. H. Nakanishi and Mr. W. C. Ma- 
haffey for their help. Many thanks are also due to 
Mrs. W. Hild and Mr. C. W. Raibcrn, Jr. for tech- 
nical assistance. 

t Travelling Fellow of Rockefeller Fn. 


kidneys from Holtzman strain albino male 
rats, weighing 60 to 80 g, were cut in frag- 
ments approximately 1 mm square and ex- 
planted in plasma clot on 12 * 50 mm cover 
glass No. 1. The clot consisted of equal parts 
of heparinized rooster plasma and embryonic 
extract from chicken incubated for 8 days. 
Three explants were placed on each cover 
glass, and after clot had become firm, 2 such 
cover glasses were inserted back to back in 
one roller tube. Two to 3 hours after explan- 
tation, 2 ml of Eagle’s medium were added to 
each tube. The cultures were incubated at 
37°C, and after 3 days the cultures growing 
most abundantly were chosen and divided 
into 2 groups; experimentals and controls. 
The media of cultures were changed, and ex- 
perimentals incubated at 37°C with serum 
(diluted to final concentration of 15 to 20% 
with Eagle’s medium) from the unilaterally 
nephrectomized rat, obtained on 2nd and 15th 
postoperative days, and in one case, with 
serum from sham operated rat, obtained on 
2nd postoperative day. Controls were in- 
cubated with serum (diluted in the same way 
as the experimentals) from the normal rat. 

After incubation with serum for 3 days, the 
cultures were fixed and stained according to 
Jacobson’s method for determination of mi- 
totic ratios. The pancreas, anterior pituitary, 
and bladder of the rat (for organ specificity) 
and the outer medulla of puppy kidney (for 
species specificity) were cultured and treated 
in the same way. Blood was drawn asep- 
tically from the rat by cardiac puncture using 
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TABLE I. Mitotie Ratios in Cultures of Outer Medulla of Rat Kidney (in % of Total Counts). 
i 


Controls 


— —_— Exp." ——_—_———, 


N : N 

Serum used oP we AT ONS g Fo M A TN) 
Untreated 1. 97.36 .45 1.05 35 .79 2002 94.52 1.79 2.34 .50 .85 2007 
—2.64— (6) Co eae (5) 
2. 97.50 .35 90 .40 .85 2005 96.20 .60 1.40 .65 1.15 2004 

—2.50— (4) —3,80— (6) 

Sham operation 99:21 .29 25 10 .15 2028 99.31 15 84 15 .05 8 2048 
—.79— (6) —.69— (7) 

Obtained on 15th 99.20 .20 .40 .05 15 2005 9965 7 .05s— 20 © .00) =. 10 2008 
post-op. day —.80— (9) —.35— (10) 
Heated at 56°C 1. 99.33 16 .23 .11 17 61388 97.81 Aa CCAR tlle | lato = © Coll) 
Sa: De (4) = 19 — (5) 

2. 98.26 .42 .75 .24 .383 6069 96.69 .78 1.21 .43 .89 5842 

=1.74— (7) 23} (6) 

Heated at 100°C S791 46 U7t 34 68 4129 98.07 .562 64 .85 42 4071 
—2.09— (3) —1.93— (2) 

Dialyzed against 99.91 .00 .00 .09 .00 1149 99.40 .05 .25 .10 .20 2002 
Gey’s B.S.S. —.09— (7) —.60— (4) 


* Serum was obtained on 2nd postoperative day following uninephrectomy except as noted. 
R, resting stage; P, prophase; M, metaphase; A, anaphase; T, telophase; N;, total No. 


of cells counted; N,, No. of explants. 


a syringe containing 0.2 ml of heparin solu- 
tion (2 * 10° unit/ml) in Gey’s balanced 
salt solution (B.S.S.), centrifuged and the 
serum used for incubation with tissue cul- 
tures. Serum was diluted to final concentra- 
tion of 15 to 20% with Eagle’s medium be- 
fore incubation. Rate of mitotic division of 
epithelial-like cells of cultures was estimated 
by recording % cells in mitotic stages out of 


total cells counted. Samples were pooled 
from 1 to 10 explants and in most cases each 
sample consisted of slightly over 2000 cells. 
The results are shown in Tables I and II. 
Results. The mitotic ratio in epithelial- 
like cells from the outer medulla of rat kid- 
ney, cultured im vitro and incubated with 
serum obtained from unilaterally nephrec- 
tomized rats on 2nd postoperative day, was 


TABLE IT. Influence of Serum from Uninephrectomized Rats upon Mitotic Ratios of Puppy 
Kidneys and Different Rat Organs in Tissue Culture. 


——_Controls FF — Exp.* = 
N; Ny 
R 5 Stal. lu) sags): gat be CIs) R Pp M A av CNS) 

Species specificity 
Puppy kidney 1. 99.57 .12 .25 .06 .00 1632 O75 van!) wll 25) 69 2024 
—,43-— (6) —2,.43— (5) 
2. 98:95 A0 Ad—.05 15 2011 98.13 30) 1.08" 10. «39 2030 
105 — (3) —1.87— (2) 

Organ specificity 
Rat bladder 1. 100.00 .00 .00 .00 .00 1234 100.00 .00 00 00 .00 1837 
—.00— (2) —.00— (2) 
2. 99.92 .08 .00 .00 .00 1243 100.00  .00 00 00 .00 639 
—03— (4) —,00— (2) 
Rat ant. pitui- 99.28 .29 43 .00 .00 695 99.50 .20 20 LOn 00 2010 
tary — 7 2— (1) —.50— (2) 
Rat pancreas 99.82 .06 .06 .06 .00 1605 100.00 00 00 .00 00 479 
—.18— (4) —.00— (2) 


* Serum was obtained on 2nd postoperative day following uninephrectomy except as noted. 
R, resting stage; P, prophase; M, metaphase; A, anaphase; T, telophase; N,, total No, 


of cells counted; N,, No. of explants. 
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approximately twice as high as that obtained 
from controls, incubated with serum from 
normal rats (experimentals-controls: 5.48 %- 
2.64%; 3.80%-2.50%) (Table I). This was 
not the case when cultures were incubated 
with serum from sham operated rats (0.69 %- 
0.79%). Further, there was no increase in 
mitotic ratio in the cultures incubated with 
serum obtained from unilaterally nephrecto- 
mized rat on 15th postoperative day, as com- 
pared with controls (0.35%-0.80%). 

The mitotic ratio in epithelial-like cells 
from rat kidney, cultured and incubated with 
serum obtained from unilaterally nephrectom- 
ized rat on 2nd postoperative day, and fur- 
ther heated for 30 minutes at 56°C was also 
approximately twice as high as that obtained 
from controls treated in like manner (2.19%- 
0.679%; 3.31%-1.74%). In this case, after 
heating for 30 minutes at 56°C, the serum 
was centrifuged and the supernatant used. 

Serum was also kept for 20 minutes at 
100°C in boiling water bath, centrifuged and 
the supernatant used for incubation with cul- 
tured rat kidney. There was no difference in 
mitotic ratios between experimentals and con- 
trols (1.93%-2.09%). 

Serum was dialyzed for 48 hours against 
3 liters of Gey’s solution at 4°C, and used for 
incubation with cultured rat kidney. The 
mitotic ratio in the experimentals appeared 
to be higher than that of the controls (0.60%- 
0.09%). 

When untreated rat serum was incubated 
with the epithelial-like cells from puppy kid- 
ney cultures (Table II), the experimentals 
showed mitotic ratios approximately 3 times 
greater than those of controls (2.43%-0.43% ; 
1.87%-1.05%). When rat serum was incu- 
bated with the epithelial-like cells from the 
bladder, anterior pituitary, and pancreas of 
the rat, there were no significant differences 
in mitotic ratios between experimentals and 
controls (0%-0.08% ; 0%-0% in rat bladder; 
0.50%-0.72% in rat anterior pituitary; 0%- 
0.18% in rat pancreas). 

Discussion. It follows from our results 
that a mitosis stimulating factor appears in 
serum of unilaterally nephrectomized rats 
within 2 days following uninephrectomy, but 
disappears within 15 days after operation. 


The factor seems to be organ specific (acting 
strictly upon the kidney) but not species spe- 
cific. Furthermore this factor is heat stable 
at 56°C, but its activity is destroyed by boil- 
ing at 100°C. The mitosis stimulating factor 
appears to be non-dialyzable. 

There is a wide scattering in the mitotic 
index of controls, which is probably due to 
differences in the chemical composition (of 
embryonic extract, plasma, etc.) of different 
batches of the culture fluid. Therefore, each 
control should be compared with its corre- 
sponding experimental, because in both cases 
the same batches of culture fluids were used. 

Following unilateral nephrectomy, the re- 
maining kidney shows an almost immediate 
response to uninephrectomy, and im vivo it 
has been shown that mitotic activity in the 
remaining kidney increases considerably with- 
in 2 days following uninephrectomy and con- 
tinues until approximately the 10th post- 
operative day(4,5,6). Our results suggest 
that this increased mitotic activity is due to 
a humoral factor present in the serum of the 
unilaterally nephrectomized rat, but not pres- 
ent in the serum of the normal rat. Thus, 
the mechanism of renal compensatory hyper- 
trophy following uninephrectomy is probably 
initiated by a humoral factor. The question 
naturally arises as to the nature of the factor 
which stimulates mitosis in the remaining 
kidney after uninephrectomy. 

Discussion. Bollman and Mann claimed 
that accumulation of urinary products was the 
primary factor in renal compensatory hyper- 
trophy(7), 7.e., they found that hypertrophy 
of the remaining kidney after nephrectomy 
was greatly increased by accumulation of 
urinary products in blood following trans- 
plantation of the ureter to the duodenum, so 
that urine was drained into the duodenum; 
however, no control data were given. 

Pure ACTH has no renotropic action(9). 
The hypophysis is involved in the mechanism 
of renal compensatory hypertrophy (8,10), 
but its presence does not seem to be abso- 
lutely necessary(11-16). Renin has an in- 
hibitory action on renal compensatory hyper- 
trophy and presumably acts in a self-regulat- 
ing mechanism in the control of organ growth 


(25). 
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Inasmuch as the procedure of uninephrec- 
tomy is to be considered as a stress factor for 
the rat, it is logical to assume that the stress 
mechanism may be involved in renal com- 
pensatory hypertrophy. However, the stress 
reaction is a more or less generalized phe- 
nomenon. In renal compensatory hypertro- 
phy following uninephrectomy, only the 
remaining kidney undergoes extensive hyper- 
trophy and increases its size to take over the 
function of the ablated organ. Hormones 
such as GH(10), thyroxine(17-19) and testo- 
sterone propionate(20-23) are involved in the 
mechanism of the renal compensatory hyper- 
trophy, but these substances act upon various 
other target organs as well; however, estrogen 
inhibits renal hypertrophy in the rat(24). It 
would seem difficult to explain the rather spe- 
cific phenomenon of renal compensatory hy- 
pertrophy through the action of hormones 
which have more or less generalized effects in 
the body. These hormones might be involved 
in stress mechanism following uninephrec- 
tomy, but how are these hormones regulated 
so as to produce an effect solely upon the re- 
maining kidney? 

We found that the mitosis stimulating fac- 
tor had organ specificity, suggesting the pos- 
sibility of a local growth factor. 

As previously mentioned, an organ, but not 
species specific mitosis stimulating factor has 
been reported in liver homogenates(3). Fur- 
thermore the serum obtained from partially 
hepatectomized rats on the 2nd postoperative 
day, has a mitosis stimulating action upon the 
liver, and this factor is organ specific and pro- 
teic in nature, which is in agreement with the 
results obtained in the present investigation 
(2). 

A mitosis stimulating factor found in the 
serum of unilaterally nephrectomized rat 
might represent one or several of the hor- 
mones already known, but in view of the 
organ specificity, this factor should more 
probably be considered as a substance which 
had an intimate relation to the local growth 
regulation of the organ, as in the case of the 
liver. 

The work reported revealed no information 
as to site of formation of the mitosis stimu- 
lating factor. 


ooo 


It might be suggested that renal compen- 
satory hypertrophy following unilateral neph- 
rectomy is a complicated phenomenon of pri- 
marily humoral coordination mediated by ~ 
both the systemic stress mechanism and by a 
local growth regulatory mechanism. 


Summary. A mitosis stimulating factor in 
serum obtained from unilaterally nephrec- 
tomized rat on the 2nd postoperative day was 
investigated. This mitosis stimulating factor 
was heat stable at 56°C, non-dialyzable, or- 
gan specific, but not species specific. The 
probable nature of this factor is discussed. 
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A severe, acute, genetically determined he- 
molytic anemia may be induced by prima- 
quine, many other drugs of therapeutic im- 
portance, and fava beans, in certain otherwise 
healthy individuals(1-5). Because the bio- 
chemical and enzymic abnormalities which 
characterize erythrocytes of these drug- 
sensitive individuals were first investigated 
using primaquine, the syndrome _precipi- 
tated by this drug as well as by toxicologi- 
cally related agents has been designated 
“primaquine-sensitive hemolytic anemia” (5). 
Except for certain biochemical abnormali- 
ties in glutathione and carbohydrate me- 
tabolism, erythrocytes of primaquine-sen- 
sitive individuals appear to be normal(6). 
Reduced glutathione content of these erythro- 
cytes is generally lower than normal; however, 
there is considerable overlapping of values 
(2). The reduced glutathione content falls 
still further 7m vivo during drug-induced he- 
molysis(7). Furthermore, reduced  gluta- 
thione content is usually unstable when ery- 
throcytes are incubated in vitro with acetyl- 
phenylhydrazine(2,8). The glutathione re- 
ductase activity of primaquine-sensitive ery- 
throcytes is increased (Reaction 2)(9). Two 
enzymic abnormalities in carbohydrate me- 
tabolism of erythrocytes from primaquine- 


* This work was supported (in major part) by 
Office of Surgeon General, Dept. of Army, under 
contract with Dept. of Medicine, University of Chi- 
cago. Additional support was obtained from Win- 
throp Laboratories, N. Y., Parke, Davis & Co., De- 
troit, Mich., Eaton Laboratories, Norwich, N. Y., 
Abbott Labs., N. Chicago, IIll., and Douglas Smith 
Fn., University of Chicago. 

t The investigations would not have been possible 
except for cooperation of inmates and administra- 
tive staff of Stateville Penitentiary, Joliet, Il. 


sensitive males have been reported by this 
laboratory. 1) Activity of glucose-6-phos- 
phate dehydrogenase, the enzyme catalyzing 
initial oxidative reaction of the hexosemono- 
phosphate shunt, is markedly diminished (Re- 
action 1)(10). In some sensitive females de- 
ficiency may be considerably less than in 
males(2). 2) The activity of aldolase is in- 
creased in erythrocytes of primaquine-sensi- 
tive males(11). Aldolase catalyzes the revers- 
ible splitting of FDP, supplying substrate for 
the oxidative reaction of the Embden-Meyer- 
hof pathway (Reactions 3 and 4). 


Enzymic abnormalities in primaquine-sensi- 
tive erythrocytes focus attention on the pivo- 
Reaction 1: ; 

G-6-P 


tG-6-P + TPN+-— — 6-PG + TPNH 


Dehydrogenase Lee 
Reaction 2: 
: GSSG = 
GSSG + TPNH + H+ ———> 2GSH + TPNt 
Reductase 


Reaction 3: 
Aldolase _ 
FDP ————_> GA-3-P + DHAP 
aS es 
Reaction 4: 


eae GAPD 
GA-3-P + Pi + DPN*——_- 1,3-DPG 4 
{= >. DPN 


+ DPN+, DPNH, oxidized and reduced diphospho- 
pyridine nucleotide, respectively; TPN+, TPNH, 
oxidized and reduced triphosphopyridine nucleotide, 


respectively; GSH, GSSG, reduced and oxidized 
glutathione, respectively; G-6-P, glucose-6-phos- 
phate; 6-PG, 6-phosphogluconate; FDP, fructose 


diphesphate; DHAP, dihydroxyacetone phosphate; 
GA-3-P, glyceraldehyde-3-phosphate; 1,3-DPG, 1,3 
diphosphoglycerate; Pi, inorganic phosphate; GAPD, 
glyceraldehyde phosphate dehydrogenase. 
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tal position which the coenzymes TPN* and 
DPN* occupy in glutathione and carbohy- 
drate metabolism. We have therefore deter- 
mined the content of DPN* and TPN* in nor- 
mal and primaquine sensitive erythrocytes 
prior to drug administration. 

Materials and methods. Subjects were 
adult male volunteers who had previously 
been tested with standard dose of 30 mg of 
primaquine base daily for at least one week. 
Those who developed hemolytic anemia were 
designated “primaquine-sensitive”; those who 
were unaffected were called “normal” or “non- 
sensitive.” No individual who had received 
drug within the previous 4 months was 
studied. TPN* specific glucose-6-phosphate 
dehydrogenase and DPN* specific alcohol de- 
hydrogenase were obtained from Sigma Chemi- 
cal Co. Venous blood was drawn into a chilled 
heparinized syringe and centrifuged at 1,800 x 
g for 15 minutes at 4°C in an International 
PR-2 refrigerated centrifuge. After removal 
of plasma and buffy coat, 6 ml of packed 
erythrocytes were extracted twice in the cold 
with 30 ml and 25 ml of 3% and 0.75% 
perchloric acid, respectively. The superna- 
tants were combined and adjusted to pH 4.6 
to 4.8 with 5 N KOH. The resulting precipi- 
tate of KClO;, was removed by filtration 
through Munctells #OOH paper in a Buchner 
funnel. The filtrate was then frozen, lyo- 
philized and dissolved in 4 ml distilled water 
and pH adjusted to 6.4 to 7.4 with either 
0.2 N KOH or 3% perchloric acid. The 
chilled extract was filtered through a medium 
porosity sintered-glass funnel. Aliquots of 
this extract were assayed spectrophotometric- 
ally for TPN* with a TPN* specific glucose- 
6-phosphate dehydrogenase reaction in a 
Beckman DU spectrophotometer(12). Simi- 
larly, the extract was assayed for DPN* with 
a DPN* specific alcohol dehydrogenase reac- 
tion(13). 

Results. The average content of TPN* in 
normal erythrocytes was 3.4 pmoles/100 ml 
erythrocytes, and average DPN* content was 
5.3 pmoles/100 ml erythrocytes. These find- 
ings are consistent with the observations of 
Barnett(14). Primaquine-sensitive erythro- 
cytes had greater amounts of TPN* than 
non-sensitive erythrocytes, with an average 
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FIG. 1. Most of the points on the scattergram repre- 
sent the average of repeated determinations on a 
single individual. 


TPN* content of 5.0 wmoles/100 ml erythro- 
cytes (Fig. 1). Although the mean value of 
DPN* content (6.5 »moles/100 ml erythro- 
cytes) in primaquine-sensitive erythrocytes 
was higher than that observed in non-sensitive 
erythrocytes, there was overlap in the values 


found in the 2 erythrocyte populations 
CEigccL)3 
Discussion. TPNH is the coenzyme for 


glutathione reductase which catalyzes the re- 
duction of glutathione (Reaction 2). Reduced 
glutathione is necessary for protection of cer- 
tain essential sulfhydryl containing proteins; 
é.g., certain enzymes and hemoglobin(15). 
TPN* is the coenzyme for oxidation of glu- 
cose in the hexosemonophosphate shunt. 
Primaquine-sensitive erythrocytes deficient in 
glucose-6-phosphate dehydrogenase would re- 
duce less TPN* to TPNH and, because they 
contain increased glutathione reductase, would 
oxidize more TPNH to TPN*. Assuming a 
normal total TPN content (TPN* + TPNH) 
in primaquine-sensitive erythrocytes, the 
TPNH level would thus be correspondingly 
reduced. A decrease in TPNH in prima- 
quine-sensitive erythrocytes could seriously 
affect reductive biosynthetic processes which 
may be necessary for the integrity of the 
erythrocyte(16). 

Although the average DPN* content of 
primaquine-sensitive erythrocytes is slightly 
higher than normal, there is no clear division 
of values between the 2 populations. The in- 
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crease in aldolase activity in primaquine-sen- 
sitive erythrocytes could not explain the in- 
crease in their average DPN* content (Reac- 
tions 3 and 4). However, glutathione reduc- 
tase can utilize DPNH as coenzyme in hemo- 
lyzates of human erythrocytes, though less ef- 
fectively than TPNH(17). Whether the in- 
creased activity of glutathione reductase in 
primaquine-sensitive erythrocytes accounts 
for the increase in average DPN* content, can 
not, however, be substantiated by our present 
data. 

Summary. TPN* content of erythrocytes of 
primaquine-sensitive males is greater than 
that of erythrocytes of normal males. The 
increase in TPN* may be explained by two 
known factors: 1) decrease in glucose-6-phos- 
phate dehydrogenase activity, and 2) in- 
creased glutathione reductase activity in pri- 
maquine-sensitive erythrocytes. The mean 
values of DPN* content of erythrocytes in the 
two populations studied were different, but 
the values showed considerable overlap. Our 
current studies concern the effect of drug 
administration on both oxidized and reduced 
coenzymes in normal and primaquine-sensi- 
tive erythrocytes from both males and females. 
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Liver Cholesterol Mobilization in Mice as Effected by Dietary 8-Sitosterol 


and Cholic Acid.* 


(24349) 


WILLiAM T. BEHER AND WILLIAM L. ANTHONY 
Edsel B. Ford Institute for Medical Research, Henry Ford Hospital, Detroit, Mich. 


The value of B-sitosterol as agent for lower- 
ing tissue cholesterol has been the basis of 
numerous investigations. A number of these 
reports have indicated that 8-sitosterol fed to- 
gether with cholesterol effectively prevents ac- 
cumulation of tissue cholesterol in several spe- 
cies(1,2,3). This effect has been shown by 
Hernandez et al.(2) to be due to blocking of 
cholesterol absorption in the intestinal lymph. 


* This investigation was supported in part by 
research grant from Michigan Heart Assn. 


Since -sitosterol is effective in preventing 
cholesterol absorption, one could assume that 
this substance would prevent absorption of re- 
circulating cholesterol, and thus speed up the 
mobilization of accumulated tissue cholesterol. 
In a previous study on mobilization rate of 
accumulated plasma cholesterol in the rabbit 
(4), B-sitosterol had a slight, initial accelerat- 
ing effect. Alfin-Slater e¢ al.(5) have re- 
ported that soybean sterols, composed mainly 
of B-sitosterol and stigmasterol, have little ef- 
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fect in preventing blood cholesterol accumu- 
lation but have considerable effect in reducing 
cholesterol deposition in liver. Therefore, it 
was of interest to study the effect of B-sitos- 
terol on rate of mobilization of accumulated 
liver cholesterol. Recent reports on choles- 
terol metabolism have shown that bile acids 
are important agents affecting cholesterol mo- 
bilization. Our studies(6) have demonstrated 
that cholic acid blocks liver cholesterol mo- 
bilization in mice. Since cholic acid appar- 
ently alters the pathway of cholesterol me- 
tabolism, it seemed worthwhile to investigate 
the effect of 8-sitosterol on mobilization of 
accumulated liver cholesterol in animals fed 
cholic acid. 

Procedure. 225 N.1.H. strain female albino 
mice, weighing 15-20 g, were placed on syn- 
thetic basal cholesterol free diet (CFD) (7) 
for 2 weeks, then divided into 2 groups. 
Group A. consisting of 50 mice, was continued 
on CFD, while Group B, 175 mice, was placed 
on CFD plus 0.5% cholic acid and 1.0% 
cholesterol. At the end of 3 weeks, 10 mice 
from Group A (normal) and 10 mice from 
Group B (elevated cholesterol) were sacri- 
ficed. The remaining 40 normal mice in 
Group A were continued on CFD. The mice 
with elevated cholesterol (Group B) were di- 
vided into 4 groups of 40-45 mice each, and 
placed on the following diets: Group C, the 
regression controls, were returned to the 
CFD; Group D received CFD plus 2.5% £B- 
sitosterolt Group E, CFD plus 0.5% cholic 
acid; and Group F, CFD plus 0.5% cholic 
acid and 2.5% £-sitosterol. At weekly inter- 
vals, approximately one-fourth of the mice 
from each of the groups, viz. A, C, D, E, and 
F, were sacrificed. The livers were removed, 
drained of excess blood, weighed, and ana- 
lyzed. Sterol determination. Digitonin pre- 
cipitable Lieberman-Burchard positive ster- 
ols were determined by a method based on 
modified Sperry-Webb(8) and Abell e¢ al.(9) 
methods. The present method has the advan- 
tage of reducing the number of aliquot trans- 
fers. The steps were as follows: whole livers, 
0.8-2.2 g, were placed in 25 cc screw-cap vials, 
pre-calibrated to 20 cc volume. To these 
were added 5 cc of freshly prepared alcoholic- 
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KOH (containing 50 mg KOH/cc). The liv- 
ers were incubated at 37°C for approximately 
16-18 hours, and then placed in a Dubnoff 
shaker for 2 hours at 80-90°C. At half-hour 
intervals the samples were removed and vigo- 
rously shaken for a few moments. On com- 
pletion of the hydrolysis, the samples were al- 
lowed to cool, and made up to 20 cc with ab- 
solute ethanol. Five cc aliquots of these sam- 
ples, 5 cc of water, and 10 cc of petroleum 
ether were mixed together in non-calibrated 
screw cap vials and vigorously shaken one 
minute, after which the aqueous and ether 
fractions were allowed to separate. Aliquots 
of the ether fraction were withdrawn and al- 
lowed to evaporate in 15 ml centrifuge tubes 
over a warm water bath. The residue was 
dissolved by the addition of 1:1 ethanol-ace- 
tone. Digitonin solution was added and cho- 
lesterol digitonide allowed to precipitate over- 
night. The washing and color determination 
were those described by Sperry-Webb(8). 
Results. Table I summarizes cholesterol 
values for the normal (Group A) and elevated 
cholesterol (Group B) mouse livers, at the 
end of the 3-week initial build-up period. 
Liver cholesterol values at the end of each 
week of the regression period are summarized 
in Table IT. It can be seen that: 1. Rates of 
mobilization of accumulated liver cholesterol 
in the f-sitosterol group (D) and control 
group (C) were similar. 2. Dietary cholic 
acid (Group E) prevented mobilization of ac- 
cumulated liver cholesterol. 3. The liver 
cholesterol levels of mice fed both cholic acid 
and B-sitosterol (Group F) regressed at ap- 
proximately the same rate as those of both 
the control mice (C) and the mice fed B-si- 
tosterol (D), but regressed more rapidly than 
those of mice fed cholic acid (Group E). 


TABLE I. Accumulated Liver Cholesterol in Mice 
after 3 Week Build-up Period. 


Total cholesterol in liver 


mg/g 
Group mg/g liver body wt 
A. Normal—CFD* 4.7 + 1.0 41 + .06 


B. Elevated cholesterol— 22.7+9.4 2.02 + .72 
CFD* + 0.5% cholie 
acid & 1.0% choles- 


terol 


t+ Recrystallized from methanol. 


* CFD = cholesterol free diet. 
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TABLE II. Mobilization of Accumulated Liver 
Cholesterol in Mice Fed g-Sitosterol and Cholic 


Acid. 
Total cholesterol in liver 
Time, mg/g 
Group wk mg/gliver body wt 
A. Normal—CFD* 1 5.0 + 1.5 44 + 12 
2 58t14 62+ .09 
3 7442.2 .67 + .22 
4 Oy amilil bee (ils 
C. Regression controls 1 20.1+5.1 1.82 + .36 
—CFD 2 ILO se Peg iloiky sar 
3 94+41 .84+ .57 
4 8344.0 63 + .29 
D. CFD + 2.5% p- 1 14.1+3.0 1.32 + .27 
sitosterol 2 13.343.7 1.43 + .48 
3 90+2.9 .78 + .23 
4 Geis Ae) 19)) Senate) 
E. CFD + 0.5% cholie 1 14.7+2.3 1.37 + .28 
acid 2 16.1+3.0 1.49 + .23 
3 18.9 + 3.8 1.96 + .41 
4 NS e== 26) 198 S747 
F. CFD+ 0.5% cholic 1 128+ .8 1.29 + .35 
acid & 2.5% pB- 2 1S = 320 30 ee3L 
sitosterol 3 HOGras sell Ail Se 2) 
4 9.672 2:3 95s 2 
Statistical comparison of values: 
Groups 1st wk 4th wk 
C and D IPSs 3S 1P = rll 
C and E Bye P<. il 
Cand F .28 ]P Sill 
Dand F 385 1p 2s 08) 
Eand F .08 Pee. Oil 


* CFD — cholesterol free diet. 


Discussion. Results of this experiment pro- 
vide evidence that -sitosterol does not in- 
crease rate of accumulated cholesterol mo- 
bilization in comparison with that of control 
mice (Groups C and D). If accumulated 
liver cholesterol were mobilized as cholesterol, 
one would expect @-sitosterol to be effective in 
increasing its rate of regression, since B-sitos- 
terol is highly effective in preventing choles- 
terol absorption when fed together with 
dietary cholesterol. In view of our results, 
we can speculate that cholesterol is not ex- 
creted as such but is metabolized to bile acid 
prior to excretion, as in the case of the rat. 
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The fact that @-sitosterol reduces the effect 
of cholic acid in preventing mobilization of 
accumulated mouse liver cholesterol, may be 
explained in 2 possible ways: (a) A-sitosterol 
may prevent cholic acid absorption, or (b) the 
cholesterol mobilization mechanism may be 
altered by addition of dietary cholic acid. 

The first possibility (a) is untenable in 
view of the fact that 8-sitosterol alone did not 
increase rate of cholesterol mobilization 
(Group D). The second possibility (b) 
seems more probable because of the findings 
of Wells(10), who has shown that addition of 
bile acids to the diet increases level of choles- 
terol in the feces. This could mean that un- 
der these conditions cholesterol is excreted as 
cholesterol. 

Summary. 1. Cholic acid prevents mo- 
bilization of elevated liver cholesterol. 2. B- 
sitosterol did not increase rate of mobiliza- 
tion of accumulated mouse liver cholesterol. 
3. B-sitosterol reduces in large measure the 
effect of cholic acid on liver cholesterol mo- 
bilization. 
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Studies on Bacterial Pyrogenicity. 
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I. Quantitative Basis.*t 
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The bacterial origin of heat-stable pyro- 
genic substances that may contaminate bio- 
logical solutions was firmly established by Sei- 
bert(1). It has since been demonstrated that 
many species of both Gram negative and 
Gram positive bacteria elaborate pyrexial sub- 
stances(2) and that the most potent of these 
pyrogens are associated with the Gram nega- 
tive species(3,4). Much effort designed to 
isolate and chemically characterize the py- 
rexic principal(s) has been described (2,5). 
However, little quantitative information ex- 
ists describing the pyrogenic capacity of in- 
tact organisms added to solutions(3,6). This 
report is concerned with the effect of injection 
of autoclave-sterilized suspensions of varying 
numbers of certain species of bacteria on body 
temperature of rabbits. 

Materials and methods. Adult albino male 
and female rabbits obtained from a local 
source were used for pyrogen tests. Rabbits 
weighed between 3 and 4 kg; the animals were 
caged and tested in a room by themselves. All 
organisms were tested in a previously unused 
group of rabbits. This was done to avoid the 
problem of acquired tolerance to intraven- 
ously introduced bacteria. Such tolerance 
may be manifested by decreased response to 
the pyrogenic substances(5). Rabbits were 
accommodated to the laboratory situation by 
initial control tests. Animals which could 
not be easily accommodated were discarded. 
In each experiment was included one set of 
rabbits injected with known nonpyrogenic 
saline. This group served as a control for 
technic and other external factors, including 
noise, temperature and humidity(6). Pyro- 
gen tests were carried out according to tech- 
nics described in Pharmacopeia of U. S., 15th 
Revision, (U.S.P. XV) with the following 


* This work has been aided by grants from Louis 
Livingston Seaman Fund, N. Y. Acad. of Med., 
American Sterilizer Fn., Erie, Pa., and Latter Day 
Saints Hosp. Fn. for Medical Research. 

+ Presented before Soc. Am. Bact., Apr., 
Bact. Proc. p90. 
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exceptions: animals were caged either individ- 
ually or in pairs; syringes, needles and glass- 
ware were boiled in detergent solution, then 
rinsed with freshly distilled water and steri- 
lized in oven at 170°C; solutions to be tested 
were at room temperature rather than 37°C; 
temperature readings were taken prior to in- 
jection and at 15 minutes, 1 and 2 hours after 
injection. Results were interpreted as per 
U.S.P. XV, i.e., the test was called positive if 
each animal showed a rise of 0.6°C or more 
above its control temperature or if the sum of 
maximum increase for the 3 animals equalled 
or exceeded 2.1°C. A portable, battery pow- 
ered direct reading thermistor probe was em- 
ployed for determining rectal temperatures. 
The accuracy of the instrument was routinely 
checked before use. Organisms employed 
were obtained from freshly isolated cultures 
or from available stock cultures. The bac- 
teria were grown on agar slants, and incubated 
at 37°C for up to 18 hours. Growth was har- 
vested from a number of slants by gently 
emulsifying with saline. The saline suspen- 
sions were filtered through sterile glass wool 
and pooled. Such procedure was employed in 
an effort to minimize addition of autolyzed 
material that might be present in broth. Fur- 
thermore, organisms prepared in this fashion 
formed a homogeneous suspension which 
could be readily counted. Counts were made 
on quantitatively diluted aliquots in a Pet- 
roff-Hauser chamber; at least 625 organisms 
were counted. Employing the calculated 
population estimate, suspensions of organisms 
designed to contain definite numbers per ml 
were prepared in 0.9% NaCl, 5% dextrose 
and U.S.P. Ringer’s solution. The solutions 
containing the living suspended bacteria were 
again divided. Portions were filtered through 
membrane filters (Millipore, type HA, grid) 
and these filters were then cultured on human 
blood agar plates incubated at 37°C to yield 
estimates of the relation between the micro- 
scopic and viable organism counts. Other 
portions of the suspensions were sterilized by 
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autoclaving at 120°C for 15 minutes. The 
sterilized solutions were then tested for pyro- 
genic response in rabbits, 7.e., 3 rabbits were 
injected with 10 ml/kg of the material under 
test. Organisms tested to date are: Escheri- 
chia coli (4 strains), Paracolobactrum species, 
Aerobacter aerogenes, Klebsiella pneumoniae, 
Achromobacter species, Proteus vulgaris, 
Pseudomonas aeruginosa, Bacillus subtilis, 
Bacillus globigii, Staphylococcus epidermidis, 
Alcaligenes fecalis, Brucella abortus, Flavo- 
bacterium arborescens, F. suaveolens, F. aqua- 
tile, Hemophilus influenzae, Serratia marces- 
cens, Streptococcus viridans, Pasteurella mul- 
tocida, Corynebacterium pseudodiphtheriti- 
cum, Vibrio metschnikovii, V. comma, Sal- 
monella typhimurium. 

Results. Table I is from a typical experi- 
ment with a freshly isolated strain of E. coli 
suspended in saline and tested for pyrogenicity 
by the methods described. None of these so- 
lutions can be adjudged pyrogenic according 
to the U.S.P. interpretation, although the so- 
lution containing 1000 organisms per ml (or 
10° per liter) tends in this direction. By the 
more sensitive method of interpretation of 
U.S.P. XIV, however, this solution would be 
labeled presumptively “pyrogenic.” 

Table II shows pyrogen test results ob- 
tained with another strain of E. coli suspended 
in 5% dextrose. In this case, it is seen that 


TABLE I. Effect of Injecting Rabbits Intraven- 
ously, 10 ml/kg, with H. coli* in 0.9% NaCl. Solu- 
tion autoclaved prior to injection. 


——— Temp., °C ——_, 


-— After inj. 


Rabbit No.#. Before 15 

No. coli/ml- inj. min. lhr 2hr At 
BBA 39.2 39.2 39.0 39.3 + .1 
33B 10 39.6 389.8 39.4 39.4 + .2 
B4A | 39.4 39.4 39.4 39.5 + .1 
34B | SHO eh ein Ghai + 41 
35A + 10? 389.4 389.4 39.6 39.7 + .3 
35B J 39.3 39.38 39.4 39.5 + .2 
836A | 39.4 39.4 40.4 40.4 +1.0 
36B SO} 10° 39.4 39.4 39.8 39.6 + 4 
387A | 39.4 39.38 39.2 39.3 - 
38A | 39.7 39.6 39.7 39.6 — .l 
38B } 0) 39.4 39.4 39.5 39.4 + 1 
B9A | 39.4 39.6 39.7 39.4 + 3 


Room temp., 24°C. 

* Wild strain, recent isolate. 

+ Largest difference (increase) between pre- and 
post-inj. temperature readings, 
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TABLE II. Effect of Injecting Rabbits Intraven- 
ously, 10 ml/kg, with H. coli* in 5% Dextrose. 
Solution autoclaved prior to injection. 

Temp., °C =~ 


-—After inj 


Cc 


Rabbit No.H#. Before 15 
No. coli/ml inj. min. Lhr 2hr A 
14A 39.2 39.4 39.4 39.5 + 3 
14B | 10? 39.8 39.8 40.0 39.7 + .2 
15A | 39.4 39:8 39.7 39.8 + .4 
12B 39:2 39.2 39.7 39.7 + 5 
13A 10 39.8 40.3 41.1 40.7 +1.3 
13B | 39.8 40.0 40.0 40.1 + .3 
16A 39.7 40.6 41.1 40.5 +1.4 
UG IMO 839.2 39.8 39.7 39.6 + 6 
ee | 39.7 39.8 40.7 40.6 +1.0 
1A } 39.5 39.4 39.5 39.5 -— 1 
WBS} 0 3900 39s 3938 3987; + .1 
2A | 3938 §B9/5— 39Deo oO + .3 


Room temp., 24°C. 
* Stock strain, Dept. Bacteriol. 


10? organisms per ml yielded a presumptively 
positive result while 10* organisms per ml 
yielded an unequivocally positive result. In 
addition, control tests on these animals in- 
jected with uncontaminated nonpyrogenic sa- 
line 72 hours following the initial tests yielded 
completely negative results. 


The rabbits with which the results shown in 
Table II were obtained were used for the fol- 
lowing experiment. A fresh suspension of the 
E. coli was prepared in saline, 10*/ml and 
10°/ml. The suspensions were promptly fil- 
tered through membrane filters and the fil- 
trates tested for pyrogenicity, with negative 
results. 


Table IIT summarizes results obtained with 
organisms tested in more than 160 experi- 
ments involving over 600 rabbits. In each 
experiment a control group was included. In- 
evitably, results were not obtained in the 
smooth fashion indicated by the Table, but 
had to be filled in as the opportunity was 
available. In some cases data have been ex- 
cluded because control animals yielded posi- 
tive results or because one set of data excluded 
significance of other results. For example, in 
initial tests with H. influenzae suspended in 
dextrose a positive reaction was obtained with 
10” organisms/ml in a series in which 10° or- 
ganisms/ml yielded a negative result. On 
repetition of these tests, both suspensions 
were negative. 
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TABLE ITI. Pyrogen Test Results in Rabbits Injected Intravenously, 10 ml/kg, with Autoclave 
Sterilized Suspensions of Bacteria. 
———————————————————— SxS OE eee 

—— Pyrogen test results with: —————_, 


Test organism Solution* 10/mlt  10%/ml ——-108/ml 10*/ml 10°/ml 
FE. coli (4 strains) 8S — — 2+ 3+ 
2— 1— 
” (2 ” ) D eam al + 
{= 
»” (2 » ) R oe +- 
Paracolobactrum sp. 8, D — — = 
A. aerogenes ee — ~- -- + 
EK. pneumoniae 8, D,R — = = 
Achromobacter sp. == = = 
Pr. vulgaris iE — — os 
Ps. aeruginosa Ss, D —_ — — 
R ~ aa 
B. subtilis 8 — — = 
- D,R = a a 
B. globigiit S,.D — — = == 
R = anes = 
S. aureus 8, D,R — —_— = 
S. epidermidis #4 — — — 
Al. fecalis “4 — —_ SF te 
Br. abortus 5, — — 
R ~ + 
F. arborescens S,D,R — — — 
F. suaveolens = — oe = 
F. aquatile|| a — = = 
H. influenzae S,R — == 
D ae 
S. marcescens §,D,R — — 
P. multocida§ “g = — = — 
C. pseudodiphtheriticum$ 8 — a = = 
V. metschnikovii§ 3 = = = = 
V. commas a2 — — = =r 
S. typhimurium Ss = alg sie 


*S— saline; D=5% dextrose; R= U.S.P. Ringer’s. 
§ Grown on blood agar. 


¢ Spore suspension. 
temperature for 72 hr. 


Discussion. The data show that in no in- 
stance has any solution to which has been 
added 10 or 100 organisms/ml yielded a py- 
rexic response. The data suggest that at least 
1000 organisms/ml of the most pyrogenic 
species are necessary to induce a positive test 
result in rabbits. Among 3 species of Flavo- 
bacterium and one of Achromobacter, which 
species are the most common contaminants 
we have encountered in hospital distilled 
water, as many as 10! organisms/ml have 
yielded negative U.S.P. pyrogen tests. Even 
10° organisms per ml were negative in the case 
of P. multocida, C. pseudodiphtheriticum, and 
V. metschnikovii. B. subtilis yielded a posi- 
tive test in saline in a concentration of 10* 
organisms/ml, while 10° spores/ml of B. globi- 
gui, currently considered to be identical with 


t No. of organisms/ml. 
|| Growth from plate incubated at room 


B. subtilis, were nonpyrogenic. 

In view of the fact that freshly distilled 
water, collected under ordinary conditions of 
cleanliness in a large general hospital, with no 
unusual precautions taken to exclude air 
borne contamination, contained from 0 to 30 
organisms/liter, up to 24 hours after distilla- 
tion, it seems likely that these observations 
have practical application in pyrogen testing. 

Seibert(1) enunciated the concept that “a 
bacterial count of a water may not be a true 
index of its pyrogenicity.” This hypothesis 
applies to water which has been allowed to 
stand for indefinite periods. Contaminating 
organisms may grow in the presence of or- 
ganic contamination. Organisms do lyse and 
release the somatic pyrogenic substances. 
However, Seibert’s concept does not apply to 
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freshly distilled water, kept for no longer than 
a working day and employed for preparation 
of hospital solutions, if no extensive exoge- 
nous contamination occurs during processing. 
If bacterial contamination does occur, the ex- 
tent is mirrored by the relatively simple 
methods of membrane filter culture. The 
membrane filter procedure thus may be em- 
ployed as a screen test for pyrogenicity. De- 
tails of such a procedure will be published. 
Summary. Multiple tests on solutions to 
which have been added known numbers of 
various bacterial species, suggest that 1000 or 
more organisms/ml must be present before 
the U.S.P. rabbit pyrogen test will yield a 
positive result. The potentiality is inferred 


of a simple culture procedure as a screen 
test for pyrogenicity of solutions to be em- 
ployed for parenteral infusion. 


1. Seibert, F. B., Am. J. Physiol., 1924-25, v71, 621. 

2. Berger, A., Elenbogen, G. D., Ginger, L. G., Adv. 
in Chemistry, 1956, series 16, 168. 

3. Co Tui, Schrift, M. H., J. Lab. Clin. Med., 1942, 
v27, 569. 

4. Ginger, L. G., Nesset, N. M., Riegel, B., Fitz- 
simons, E. J., J. Am. Pharm. Assn., Sc. Ed., 1951, 
v40, 421. 

5. Bennett, I. L., Jr., Beeson, P. B., Medicine, 1950, 
v29, 365. 

6. Probey, T. F., Pittman, M., J. Bact., 1945, v50, 
397. 
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Relation of Ethyleneimmonium Ring Stability to Adrenergic Blocking 


Activity in Two Haloalkylamines.* 


(24351) 


FRANK C. FERGUSON, JR. 
Department of Pharmacology, Albany Medical College, Albany, N. Y. 


A previous report(1) described the adren- 
ergic blocking and cholinergic properties of N, 
N-dimethyl, 2 - chloro - 2 - phenylethylamine 
(DMEA). Comparative study of the 1-me- 
thyl analog (N,N-dimethyl,2-chloro-2-phenyl- 
1-methylethylamine) (M-DMEA) has raised 
questions concerning the metabolic fate of 
these compounds. 

Methods. The experimental procedures 
were the same as used in the original study 
(Lys 

Results. Intramolecular rearrangement. In 
water solution, M-DMEA and DMEA liber- 
ated a full equivalent of chloride, indicating 
formation of an ethyleneimmonium ring, 
which in turn reacted with an equivalent of 
thiosulfate ion. The reactivity with thiosul- 
fate declined with time, as the ring presum- 
ably was hydrolyzed to an alcohol. Compari- 
son was made of speed with which M-DMEA 
and DMEA underwent these changes, by se- 
rial titration of chloride liberation and thiosul- 


* Supplies of DMEA and M-DMEA were furnished 
by Eli Lilly Research Labs. All doses of DMEA 
and M-DMEA are given in terms of hydrochlorides. 


fate uptake. Since reaction rates varied with 
pH and temperature, tests were made in buf- 
fered solution (pH 7.4) at 37°C. As shown 
in the Table, formation of the ring form of 
DMEA was virtually complete within min- 
utes and hydrolysis was complete within 1% 
to 2 hours. In the case of M-DMEA, forma- 
tion of the ethyleneimmonium ring was again 
rapid, at the same rate as for DMEA. How- 


TABLE TI. Rates of Intramolecular Transforma- 
tions In Vitro. 


DMEA M-DMBA 
Thio- Thio- 
Chloride sulfate Chloride sulfate 
Time liberation uptake liberation uptake 
after sol. (eq. ) ~ 
2 min, 90) 98 94 98 
5 96 ANNE 
10 .98 .96 
30 46 
60 19 89 
90 .03 
2 hr .00 .82 
4 BLO 
6 70 
18 41 


In buffered solution (pH 7.4) at 37°C. 
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ever, the ring was strikingly resistant to hy- 
drolysis and thiosulfate uptake fell only 
slowly. After 18 hours in solution, approxi- 
mately half the compound still remained in 
the intermediate stage. The time required 
for complete hydrolysis was not determined. 
Samples containing the compounds in each 
of the 3 separate molecular forms were easily 
obtained. When M-DMEA was dissolved in 
distilled water, chloride liberation after 5 min- 
utes was 0.03 meq and thiosulfate uptake 
0.96; thus doses used within 5 minutes con- 
tained most of the compound in the original 
form. To obtain the ring form, M-DMEA 
was dissolved in 0.16 M sodium bicarbonate 
and administered within 5 minutes; samples 
at this time yielded 0.95 meq of chloride and 
reacted with 0.99 meq of thiosulfate. The hy- 
drolyzed compound was formed by boiling 8 
hours in a reflux condenser; thiosulfate up- 
take was then zero. Preparation of DMEA 
samples was described previously (1). 
Adrenergic blockade. Experiments on cir- 
culation of the cat demonstrated that M- 
DMEA shared the adrenergic blocking prop- 
erty of DMEA. The blockade was specific 
for vasopressor activity and did not affect 
vasodepressor or chronotropic responses. The 
action appeared to be a function of the inter- 
mediate ring form, for the original molecule 
and the ring form were equally potent while 
the hydrolyzed form was inert. Furthermore, 
prior administration of sodium thiosulfate in 


FIG. 1. Continuous recording of blood pressure of 
cat, anesthetized (Dial-urethane) and atropinized (2 
mg/kg). Vertical excursions represent response to 
epinephrine (0.01 mg/kg) given I.V. every 15 min. 
At arrow, rapid L.V. injection of M-DMEA (5 mg/ 
kg). Calibration in mm of mercury. Time interval 
20 min. Note that adrenergic blockade is incomplete, 
is more marked at second than at first epinephrine 
dose after injection of M-DMEA, and disappears 
rapidly. 
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a few experiments prevented development of 
adrenergic blockade, provided the M-DMEA 
was injected slowly. Blockade did appear if 
M-DMEA was injected rapidly in the pres- 
ence of thiosulfate. This differed from ob- 
servations made with DMEA; prior adminis- 
tration of thiosulfate prevented blockade no 
matter how rapidly DMEA was injected. Pre- 
sumably, there were differences in reaction 
rates of the compounds with thiosulfate. 
Once blockade had been established by either 
DMEA or M-DMEA the effect was not al- 
tered by subsequent injection of either thio- 
sulfate or epinephrine. 


The 1-methyl substitution drastically weak- 
ened adrenolytic potency. Intravenous ad- 
ministration of about 0.5 mg/kg of DMEA 
reversed the pressor effects of small amounts 
(0.01 mg/kg) of epinephrine and 3 mg/kg 
produced complete blockade, reversing the 
effect of any amount of epinephrine. Far 
greater amounts of M-DMEA were needed to 
give equivalent results. The responses to 
0.001-0.004 mg/kg of epinephrine were re- 
versed by 2-6 mg/kg of M-DMEA. When 
the epinephrine dose was increased to 0.01 
mg/kg, M-DMEA doses in the order of 2-3 
mg/kg were required to produce any discern- 
ible reduction in the pressor response and re- 


- versal occurred only occasionally after admin- 


istration of 10-15 mg/kg of M-DMEA, in di- 
vided doses. Ordinarily, these high doses were 
prohibited by the toxicity of the analog. It 
could not therefore be determined whether M- 
DMEA was capable of producing complete 
adrenergic blockade, but it appeared to be at 
most only 1/20 as potent a blocking agent as 
DMEA. 


The adrenergic blocking activity of the 2 
compounds differed in a second characteristic. 
The block by DMEA was almost immedi- 
ately effective. With M-DMEA, no immedi- 
ate action was apparent and an appreciable 
interval, usually 5-15 minutes, elapsed before 
the maximum blocking effect of a dose devel- 
oped. Despite these differences in speed of 
onset, duration of adrenegic blockade was es- 
sentially the same for both. After induction 
of complete blockade by DMEA, pressor re- 
sponses to epinephrine returned to control 
levels in an average of 3 hours. Comparison 
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with M-DMEA was of course difficult since 
this chemical only rarely produced epinephrine 
reversal. However, rate of recovery of pres- 
sor activity was approximately the same with 
both drugs and the blocking action of sub- 
stantial amounts (3-6 mg/kg) of M-DMEA 
disappeared in 2 to 4 hours. A typical re- 
covery curve is shown in the figure. 

Cholinergic actions. The muscarinic ac- 
tions of DMEA and M-DMEA were com- 
pared on the cat submaxillary gland prepara- 
tion. Despite the demonstrated differences in 
adrenergic blocking potentialities, there was 
close parallelism in cholinergic actions. The 
intra-arterial threshold dose was about the 
same for each (0.04-0.08 mg/kg) and inten- 
sity and duration of salivation after equal 
doses was also the same. Despite the marked 
difference in speed of onset of adrenergic 
blocking effects, both compounds produced 
cholinergic effects with equal rapidity. In 
other respects too, M-DMEA mimicked 
DMEA; repeated doses showed cumulation, 
atropine antagonized the effect of single doses, 
potentiation of acetylcholine was observed, the 
ring form produced more intense effects more 
quickly than the parent structure, and the 
hydrolyzed form was inert. 

There was but a single difference in the ac- 
tions on the salivary gland. DMEA could 
produce prolonged salivation, lasting for 
hours, which was not halted by subsequent 
atropinization. This occurred only with large 
amounts given after repeated small doses and 
was likened to the discontinuous salivation 
found by Hunt and Philips(2) with a nitro- 
gen mustard. Three attempts were made to 
produce this effect with M-DMEA, giving 
0.6-1 mg/kg intra-arterially after serially in- 
creasing smaller doses. Prolonged salivation 
always resulted but this could always be 
stopped by atropine even after a linear flow 
had persisted for 30 to 60 minutes after the 
last dose. 

Other comparisons of cholinergic activity 
were made on the circulation, measuring vaso- 
depressor effects after intravenous injection in 
non-atropinized cats, and on autonomic gan- 
glia, measuring the contractile response of the 
nictitating membrane to intra-carotid injec- 
tions. In all respects the drugs were identi- 


cal. However, some minor differences were 
noted on the myoneural junction, utilizing the 
cat gastrocnemius preparation. Both drugs 
produced paralysis but in an occasional ani- 
mal M-DMEA seemed less potent than 
DMEA. Additionally, the ring form of 
DMEA was a potent stimulant to the junction 
and in appropriate doses produced a contrac- 
ture before onset of paralysis, whereas the 
immonium form of M-DMEA produced only 
minor fasciculations. It was evidently the 
ring form which mediated the myoneural ac- 
tions of both substances for in each instance 
cyclization before injection yielded more in- 
tense effects while hydrolysis of the ring abol- 
ished all myoneural activity. 

Discussion. The haloalkylamines can un- 
dergo several possible transformations in solu- 
tion but it has been assumed that the primary 
rearrangement is formation of an ethylene- 
immonium ring which is subsequently hydro- 
lyzed to an alcohol. Harvey and Nickerson 
(3) have confirmed that, with Dibenamine at 
least, the major part of dissolved drug does 
undergo these changes in vitro. Whether 
these reactions occur in vivo is unsettled. 
Most workers feel that the immonium ring is 
formed under physiological conditions and 
does in fact mediate activity; this view has 
been summarized by Graham(4). With re- 
gard to the drugs in this study, there are no 
data on adrenergic blocking activity incom- 
patible with this opinion and strong support 
could be derived from the cholinergic actions; 
to explain these effects it seems necessary to 
postulate formation of the quaternary nitro- 
gen immonium ring. 

There is still question whether hydrolysis of 
the immonium compound to an alcohol occurs 
in vivo. The alcohol would be the expected 
metabolite of the ring, as remarked by Brodie. 
Aronow and Axelrod(5). Yet they were un- 
able to detect an alcohol after administration 
of Dibenamine(6) or phenoxybenzamine (Di- 
benzyline) (5). The present data may bear 
indirectly on this question. Both DMEA and 
M-DMEA apparently form an active ring but 
rates of hydrolysis of the rings in vitro differ 
greatly. Yet the duration of effects is ap- 
proximately the same for both, longer than 
the time required for spontaneous hydrolysis 
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of DMEA, shorter than that required for hy- 
drolysis of M-DMEA. There is no reason to 
suppose that reactions rates would be grossly 
different in the concentrations involved in the 
pharmacologic effects and while an enzymatic 
mechanism could speed hydrolysis of M- 
DMEA, one would then have to assume that 
hydrolysis was slowed for DMEA. There is 
a complete lack of correlation between dura- 
tion of effects and in vitro life of what is as- 
sumed to be the active forms. This situation 
makes it seem doubtful that im vivo metabol- 
ism of these compounds is simply a matter of 
spontaneous ring hydrolysis, analogous to the 
reactions observed in vitro. 

Specific points of difference between DMEA 
and M-DMEA may be mentioned. There 
was considerable difference in adrenergic 
blocking potency. While the potency of this 
action of haloalkylamines cannot be predicted 
solely upon rates and degrees of intramolecu- 
lar change, there has not previously been re- 
ported such marked difference in activity be- 
tween compounds with such similar structures 
and rates of imine formation. Rate of devel- 
opment of adrenergic blockade also varied, 
with DMEA producing maximum effects in 
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seconds while M-DMEA required minutes. 
Finally, both compounds produced long-con- 
tinued salivation but only with DMEA was 
this effect resistant to atropine antagonism. 

Summary. Acute pharmacologic compari- 
sons have been made of N, N-dimethyl, 2- 
chloro-2-phenylethylamine (DMEA) and N, 
N-dimethyl, 2-chloro-2-phenyl-1-methylethyl- 
amine (M-DMEA). The 2 differed in im- 
monium ring stability im vitro, speed of onset 
and degree of adrenergic blocking activity, and 
production of atropine-resistant salivation. 
There was no relationship between duration of 
effects and in vitro life of intermediate ethyl- 
eneimmonium forms. 
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Exp. Therap., 1950, v100, 100. 

2. Hunt, C. C., Philips, F. S., ibid., 1949, v95, 131. 

3. Harvey, S. C., Nickerson, M., ibid., 1954, v112, 
274. 

4. Graham, J. D. P., Brit. J. Pharmacol. Chemo- 
ther., 1957, v12, 489. 

5. Brodie, B. B., Aronow, L., Axelrod, J., J. Pharm- 
acol. Exp. Therap., 1954, v111, 21. 

6. Axelrcd, J., Aronow, L., Bredie, B. B., ibid., 
1952, v106, 166. 


Received July 15, 1958. P.S.E.B.M., 1958, v99. 


(24352) 


BeNct BorcstroM, BeNct-AKE LINDHE AND PAULINA WLODAWER?t 
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Dept. of Physiological Chemistry, University of Lund, Sweden 


The peak in the specific activity-time curve 
for blood cholesterol after feeding a single 
dose labelled cholesterol to humans(1,2,3) 
and to rats(4) has been reported to occur dur- 
ing the second or third day. This delay in the 
postabsorptive peak compared to most other 
ingested material, has not been adequately ex- 
plained. The finding fo Biggs(2) that in the 
rat the activity of intravenously injected chyle 


* This work is part of investigations supported by 
grants from Svenska Mejeriernas Riksforbund, Stock- 
holm, and from Nat. Inst. of Health. 

+ Permanent address: Nencki Inst. of Exp. Biol., 
Warszawa, Poland. 


cholesterol-H® is selectively taken up by the 
liver points to this organ as one site of delay 
of newly absorbed cholesterol. The present 
investigation was undertaken in an attempt 
to analyse the dynamics of absorption and 
distribution of dietary cholesterol in the in- 
tact rat. The results obtained indicate that 
in the rat dietary cholesterol is rapidly ab- 
sorbed from the intestinal lumen but is held 
up in the intestinal mucosa cells for a consid- 
erable time before being transferred into the 
thoracic duct lymph over a period of days. 
Further delay of appearance of newly ab- 
sorbed cholesterol in the blood stream is caused 
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by selective uptake of lymph cholesterol in 
the liver prior to its distribution throughout 
the body. 

Methods. Male adult rats fasted for 24 
hours were fed by intubation under light ether 
anesthesis 5 ml of a fluid test meal containing 
per ml 0.4 yc cholesterol-4-C™, 50 mg olive 
oil, 52 mg glucose and 47 mg skim milk pow- 
der homogenized with an Ultra-Turrax(5). 
Total amount of cholesterol was determined to 
be 0.06 mg per ml. 

Results. Absorption and distribution of 
cholesterol. In this series 7 animals were 
killed 3, 3, 6, 9, 12, 24 and 48 hours after 
feeding of the test meal. The small intestine 
was washed through with 40 ml of 0.9% sa- 
line. The contents of the small intestine, the 
stomach, colon and feces, the small intestinal 
wall and the liver were extracted and their 
lipids isolated. Table I summarizes the to- 
tal radioactivity figures of these different 
fractions. Amount of activity absorbed has 
been calculated as the difference between ac- 
tivity fed and the sum of activity found in 
stomach, small intestinal washings, colon and 
feces. Prolonged washing of the intestinal 
wall with saline did not decrease the activity 
found in the intestinal wall. Of the activity 
found in a 0.25 M sucrose homogenate of small 
intestinal wall 5 hours after feeding the test 
meal 60, 30 and 10% was found in the micro- 
some, mitochondria and supernatant fractions 
obtained on differential centrifugation accord- 
ing to standard procedures, indicating that 
the active cholesterol found in the intestinal 
wall actually had been absorbed into the cells. 
In Fig. 1 the figures for total activity found 
in the small intestinal wall and liver have been 
recalculated as per cent of activity absorbed 
in each case. Three hours after feeding the 
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FIG. 1. Per cent of absorbed activity present in 

small intestinal wall, liver and blood at different 

times after feeding rats 0.3 mg 4-C-cholesterol in- 
corporated into a well-balanced test meal. 


test meal 88% of the activity absorbed is 
found in the small intestinal wall and after 
24 hours it still contained 26% of the ab- 
sorbed activity. 


Total activity present in the liver shows a 
maximum 9 hours after feeding at a level of 
about 25% of that absorbed. 


A semilogarithmic plot of the curves for to- 
tal activity content in small intestinal wall 
and liver against time shows an apparently 
linear character up to 24 hours after the feed- 
ing. From these curves the half time for the 
newly absorbed active cholesterol in the intes- 
tinal wall and the liver can be estimated to 
about 12 and 11 hours respectively. 


In another series of experiments 9 rats were 
used for a study of the blood activity. Blood 
was drawn from the rat tail at different time 
intervals after feeding the test meal, the lipids 
extracted and the radioactivity assayed. The 
results are included in Fig. 1 calculated as 
per cent of activity absorbed contained in the 


TABLE I. Distribution of Cholesterol-4-C™ in the Rat at Different Time Intervals after Feed- 
ing 0.3 mg Labeled Cholesterol Incorporated into Test Meal. Figures in % of activity fed. 


Washing 
Hr after of small Colon + Wall of small 
feeding Stomach intestine feces Y absorbed — intestine Liver 
3 22.2 17.3 13.9 46.6 41.2 3.6 
3 42.0 
6 6.2 10.0 14.3 69.5 46.2 iGileil 
9 1,4 15.7 28.6 54.4 31.0 15.9 
12 4.6 4.8 41.0 49.6 25.4 12.2 
24 9 4.5 43.0 52.6 13.6 6.0 
48 3 Weel 31.5 66.5 6.7 6.6 
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total blood (assuming 67 ml blood per kg 
rat). Maximum activity in the blood, 22.8% 
of absorbed activity, is found 16 hours after 
the feeding. In another series of experiments 
in which 10 mg cholesterol were fed in the 
same test meal, maximal blood activity was 
not reached until the second day. 

Fig. 1 includes the value for total activity 
present in the blood at the different time in- 
tervals and the calculated figures for activity 
found in small intestinal wall plus liver and 
plus blood. These later figures show that up 
to 12 hours after feeding these organs contain 
more than 90% of the absorbed activity and 
thus less than 10% was distributed outside 
these compartments. After this time period 
there is rapid distribution of the cholesterol 
over the body. 

The per cent activity found in the choles- 
terol ester fraction of the small intestinal wall 
during absorption and distribution of the 
cholesterol shows a linear increase up to 24 
hours after feeding when 75% of the labelled 
cholesterol of the intestinal wall is in the ester 
form (Fig. 2). 

Thoracic duct lymph studies. The thoracic 
duct of male adult rats was cannulated accord- 
ing to standard procedures and the rats fed 
the test meal by intubation the day after op- 
eration. Distribution of the radioactivity re- 
covered in the lymph over the different time 
periods is seen in Fig. 3. The largest amount 
of activity was found in the lymph sample col- 
lected between 6 and 9 hours after feeding. 
The lymph lipid fractions were separated on 
silicic acid columns, cholesterol ester and free 
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cholesterol being eluted with 5 and 20% ethyl 
ether in light petroleum. Of the total activ- 
ity recovered in the lymph during the 24-hour 
period following the test meal 64% was in the 
ester form. Of the total amount of cholesterol 
during the same period 81.3% was esterified. 
Relative specific activity of the lymph total 
cholesterol reached its peak about 9 hours 
after feeding at a level of 2.6%. 

Discussion. The results obtained demon- 
strate that dietary cholesterol is rapidly ab- 
sorbed from the intestinal content, absorption 
being almost completed 6 hours after feeding. 
The absorbed cholesterol is then held up in 
the cells of the small intestinal mucosa from 
which it is slowly discharged. Earlier reports 
of a slow absorption of dietary labelled choles- 
terol are due to the procedure of combining 
the intestinal content and intestinal wall and 
consider the labelled cholesterol present as not 
absorbed (6). 

It has been firmly established that absorbed 
cholesterol enters the systemic circulation via 
the thoracic duct lymph contained mainly in 
the chylomicrons of the lymph, the larger 
amount of the active cholesterol being in the 
esterified fraction(2). The findings in this 
investigation are consistent with this pattern. 
The increasing ratio of ester to free active 
cholesterol in the intestinal wall during the 
distribution period is an indicaton that the 
cholesterol is mainly absorbed in the free form 
and is esterified during passage through these 
cells. 

Our results indicate that in the rat newly 
absorbed cholesterol that reaches the systemic 
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FIG. 2. Per cent of total activity of small intestinal wall present in cholesterol ester fraction 
at different times after feeding 0.3 mg 4-C"-cholesterol to rats. 

FIG. 3. Activity-time relationship for 4-C’-cholesterol in lymph of a thoracic duct cannulated 
rat fed a test meal containing 0.3 mg 4-C”-cholesterol. 
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circulation via the thoracic duct lymph does 
not mix or exchange to any appreciable extent 
with the cholesterol of serum or of other or- 
gans before being taken up by the liver. La- 
beled cholesterol given off from the liver is 
then distributed over the body. 

This course of the metabolism of newly ab- 
sorbed cholesterol derived from experiments 
on the whole animal is consistent with the 
finding of Biggs(2) that labeled cholesterol of 
thoracic duct lymph when intravenously in- 
jected into the rat is selectively taken up by 
the liver, and with the suggestion of Friedman 
et al.(7,8) that the liver Kupffer cells are 
responsible for removal of newly arrived cho- 
lesterol. On the other hand it has been re- 
ported that the cholesterol of chylomicrons 
from dog lymph exchanges with the choles- 
terol of serum high density lipoproteins dur- 
ing incubation im vitro and also on injection 
into dogs(9). 

From the results obtained it is obvious that 
the late blood cholesterol activity maximum 
in the rat is caused by the hold up of the 
newly absorbed cholesterol first in the intes- 
tinal wall and later in the liver before its re- 
appearance in the circulation. By increasing 
the dose of cholesterol fed to 10 mg, the maxi- 
mum in the blood activity is further delayed 
and occurs during the second day in accord 
with the finding of Gould e# al.(4). The 
shape of the blood activity curve thus is de- 
pendent on amount of cholesterol absorbed. 

Summary. 1) A trace dose of cholesterol- 
4-C!* incorporated into a well-balanced test 
meal has been fed to rats. The labeled choles- 
terol is rapidly absorbed 7.e. 50 to 70%. The 
newly absorbed cholesterol is then held up by 
the cells of the small intestinal mucosa, the 
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halflife of the newly absorbed cholesterol in 
these cells being approximately 12 hours. 
From the intestinal wall the cholesterol enters 
the chyle, the peak specific activity of which 
is reached about 9 hours after the feeding. 2) 
The newly absorbed cholesterol of the thor- 
acic duct lymph in the intact animal is selec- 
tively taken up by the liver and is only sub- 
sequently mixed in a metabolic sense with 
the cholesterol of blood and other tissues. 3) 
As a consequence of the delay of the absorbed 
cholesterol in the intestinal wall and the liver, 
blood cholesterol activity time curve reaches 
its maximum about 16 hours after the feeding. 
This delay in blood activity peak is prolonged 
to the second day if amount of cholesterol fed 
is increased to 10 mg. 
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J. C. Forses anp O. M. PETTERSON 
Dept. of Biochemistry, Medical College of Virginia, Richmond 


Kellner, Correll and Ladd(1) showed that 
intravenous injection of the surface active 
agent Triton A20 into rabbits fed a high cho- 
lesterol diet reduced incidence and severity of 


the resulting atherosclerotic lesions in spite of 
the fact that the serum cholesterol levels were, 
in most instances, higher than the levels found 
in the controls on the cholesterol diet itself. 
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Byers and Friedman(2) reported that serum 
of rats rendered hypercholesterolemic by Tri- 
ton injections was very lipemic but could be 
clarified by centrifugation at 25,000 to 40,000 
g. We have shown that practically all serum 
cholesterol of rabbits rendered hypercholester- 
olemic by cholesterol feeding was extracted 
when lyophilized serum was shaken with cold 
chloroform(3). Similar results were obtained 
with serum from Triton-injected animals. 
Since the degree of atherosclerosis which de- 
velops in these 2 conditions is so markedly 
different in spite of the fact that cholesterol 
extractability by cold chloroform was com- 
parable in both, it was decided to investigate 
further the physical separation of various 
lipids by centrifugation at 20,000 g. 
Methods. Rabbits weighing 4 to 5 lb. were 
fed a diet of Rockland Rabbit chow to which 
was added 5 or 10 g of cholesterol plus 50 g 
of cotton seed oil/950 g of chow. The choles- 
terol was dissolved in chloroform, added to 
cotton seed oil and the whole added to the 
chow. Chloroform was allowed to evaporate 
before the diet was fed. Some animals were 
given intravenous injections of 5 ml of a 20% 
solution of Triton WR1339 containing 0.6% 
sodium chloride. Others were given intra- 
venous Triton while on normal diet. Blood 
samples were collected at intervals. The 
original serum and the subnatant following 
centrifugation at 20,000 g for at least 2 hours 
were analyzed for lipids. If the subnatant 
was still lipemic after high-speed centrifuga- 
tion it was recentrifuged. In some of the 
Triton-injected animals 4 centrifugations were 
necessary in order to obtain a reasonably clear 
subnatant fluid. Once centrifugation produces 
a clear subnatant further centrifugation re- 
sults in insignificant changes. Total choles- 
terol was determined by previously described 
procedure(4) modified for use in photoelec- 
tric colorimeter and with careful control of 
temperature during color development. Lipid 
phosphorus was determined by the procedure 
of Outhouse and Forbes(5). Modification of 
a method recently published by Van Handel 
and Zilversmit(6) was employed for direct 
determination of neutral fat. The complete 
procedure will be published elsewhere. 
Results are shown in Table I. Triton injec- 
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tions, whether accompanied by high choles- 
terol diet or not, caused a marked rise in all 
lipids under study. Most of this increase was 
found in the fraction which rose to the sur- 
face during centrifugation at 20,000 g. 
Usually, at least two-thirds of total serum 
cholesterol was present in this fraction fol- 
lowing 2 or more injections of the surface ac- 
tive agent. A considerably smaller percentage 
of total serum cholesterol was present in this 
chylomicron fraction when hypercholestero- 
lemia was produced by cholesterol feeding 
alone. In spite of the fact that administra- 
tion of Triton to cholesterol-fed animals 
caused a marked increase in total cholesterol 
the amount remaining in the subnatant fol- 
lowing centrifugation at 20,000 g invariably 
showed a distinct drop following 2 or more 
Triton injections. Triton injected animals 
showed a tremendous increase in serum neu- 
tral fat following injections, most of which 
was present in the chylomicron fraction. 


Discussion. Bragdon(7) showed that when 
serum of rabbits which were rendered hyper- 
cholesterolemic by cholesterol feeding was in- 
jected into normal animals, lesions resembling 
atherosclerosis were produced. If the serum 
was centrifuged at 42,000 rpm and the upper 
fraction injected, no lesions resulted. Lesions 
were produced when the subnatant fraction 
was injected. Both fractions were shown to 
contain cholesterol. When our results are 
considered with those of Bragdon a reasonable 
explanation for the low atherogenicity of Tri- 
ton-induced hypercholesterolemia as well as 
for the protective action of Triton injections 
against atherogenicity of a high cholesterol 
diet seems evident. If only the material in 
the subnatant is atherogenic, then in the Tri- 
ton-injected animals, only about 30% of to- 
tal serum cholesterol would be atherogenic. 
For example, in Exp. 2 after several Triton 
injections, even though total cholesterol aver- 
aged over 2%, less than 0.4% remained in 
the subnatant. These same animals, after 
50 days of cholesterol feeding alone, showed, 
out of a total cholesterol of 1.57%, 0.93% 
remaining in the subnatant. In Exp. 4, where 
no cholesterol was fed, only about 0.3% re- 
mained in the subnatant out of an average 
total cholesterol of about 1%. 
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TABLE I. Effect of Intravenous Triton on Physical State of Serum Lipids of Rabbits.* 
SS ees 
Avg serum lipid (range) 
-—Original serum—___- Subnatant————_, 
No. of TIVEChOlyemeteala. meNG Hie, T.chol., % IPA UNEL, : 
Exp. rabbits %o mg % To % drop mg% % Remarks 
1 5 26 24 8 After 17 days on 5% 
(2.0 =Feoi)) (.15— .30) cholesterol diet 
.30 27 10 After 54 days on diet 
( .13— .51) (.10- .51) 
1.64 94 43 After 21 additional 
(UGA) P55 9) (.82-1.2 ) days on 1% choles- 
terol diet 
3.08 98 68 3 days after 2 Triton 
(1.4 -4.5 ) (.29-1.4 ) inj. 3 days apart 
2 5 82 62 24 After 32 days on 1% 
( .87-1.3 ) (.384-1.1 ) cholesterol diet 
1.26 93 26 After 50 days on diet 
(91-1.6.) C77-1.0) 
2.68 53 .28 89 28 After several Triton 
(1.8 -3.1 ) (.16— .39) inj. 
2.25 57 38 83 18 After several more 
22.9, ) (.338— .43) inj. 
3 2 1.83 18 38 95 48 12 12 After 5 wk on 1% 
( .56-3.1 ) (.41-1.5 ) cholesterol diet 
1.88 21 Bb 1.22 35 19 .20 After 2 additional wk 
(1.2 -2.6 ) (.93-1.5_ ) on diet 
2.50 54 ~=3.0 1.22 51 36° 2 3 days after 1 Triton 
(2.0 -3.0 ) (.93-1.5 ) inj. 
3.10 53 4.1 .80 74 24 81 3 days after 2 more 
(1.6 —4.6 ) (.30=1.3 ) inj. 3 days apart 
4 4 -70 43 4.4 .30 57 TO lee: Normal diet, 3 days 
CG 27) (.27— .34) after 1 Triton inj. 
Oi 48 4.9 34 65 24 «1:3 4 days after 2nd Tri- 
( .84-1.1 ) (.25— .51) ton inj. 
1.22 (A Si 30 75 24 1.8 3 days after 2 more 
(1.1. -1.3 ) (.26— .35) inj. 3 days apart 


* Except where otherwise stated Triton inj. were given 6 or 7 days apart. 


P.L. = Phospholipid phosphorus. N.F. = Neutral fat. 


A similar explanation may account for the 
fact that we have encountered elevated total 
cholesterol and “readily extractable”* choles- 
terol in some patients without any clinical evi- 
dence of arteriosclerotic heart disease. Pre- 
vious work(8) indicated that this “readily ex- 
tractable” cholesterol represents cholesterol 
which is associated primarily with chylomi- 
crons and lipomicrons. 

Summary. Intravenous injections of the 
surface active agent Triton WR1339 into rab- 
bits caused a marked increase in serum neu- 
tral fat as well as in cholesterol and phospho- 
lipids. A large percentage of this increase was 
found in the lipid fraction which rose to the 

* Cholesterol which is extracted by cold chloro- 
ferm from lyophilized sera. 


surface when serum was centrifuged at 20,000 
g for 2 hours or more. Administration of 
Triton to rabbits rendered hypercholesterole- 
mic by cholesterol feeding decreased the per- 
centage and absolute value of total cholesterol 
remaining in the subnatant fraction after high- 
speed centrifugation. After several injections, 
concentration of cholesterol in the subnatant 
dropped well below the pre-injection value in 
spite of increase in total serum cholesterol 
concentration. It is suggested that an in- 
crease in percentage of the cholesterol asso- 
ciated with chylomicrons together with a 
probable decrease in the fraction associated 
with lipomicrons might be factors in Triton- 
induced inhibition of development of athero- 
sclerosis in cholesterol-fed rabbits. 
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R. CLEELANDt aNp A. P. McKEE 
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During the fall of 1957, there was an out- 
break of Asian influenza at the State Uni- 
versity of Iowa. Numerous paired human 
sera were collected and 20 virus isolations 
made. All isolates were identified as Asian or 
“A” virus. Many of patients’ paired sera gave 
diagnostic rises in titer by complement fixa- 
tion test (CF), but were negative by the he- 
magglutination inhibition test (HI) when A/ 
Jap/305/57 virus was used as antigen. To 
ascertain whether a more satisfactory HI an- 
tigen was available, several early isolates were 
tested. There was little cross reaction by HI 
among these viruses against the same patients’ 
sera and many sera previously negative by HI 
were positive. These results suggested that 
“A” viruses isolated were antigenically differ- 
ent, and that cross neutralization by HI 
should show this difference in antigenicity. 
This paper summarizes results of cross neu- 
tralization by HI of 19 of the “A” virus iso- 
lates, and the A/Jap/305/57 virus with 20 
paired human sera. 

Materials and methods. Viruses. “A” 
viruses were recovered from students at the 
State University of Iowa by use of embry- 
onated eggs. Twenty strains were recovered 
and designated by abbreviation of patients’ 
names. One strain A/Jap/305/57 was sup- 


* This investigation was aided by research grants 
from Nat. Heart Inst., and Comm. on Influenza, 
Armed Forces Epidemiology Board. 

+ Present address: Dept. of Microbiology and 
Immunology, Cornell Medical School, N. Y. C. 


plied by the Communicable Disease Center. 
Hemagglutinating antigens. The antigens 
were allantoic fluids from embryonated eggs 
infected with ‘‘A” viruses. The allantoic fluid 
antigens after 4 to 6 passages had titers rang- 
ing from 1:80 to 1:2560 against chicken red 
blood cells. Allantoic fluid virus from the 
same egg passage was used as antigen through- 
out the tests. Each antigen was bacteriologi- 
cally sterile. Paired sera from influenza pa- 
tients. All paired human sera, designated by 
abbreviation patients’ names from whom they 
were drawn, were inactivated at 56°C for 30 
min. and used without further treatment. 
Serological procedures. Hemagglutination in- 
hibition (HI) titrations were done with 
chicken red blood cells using the Salk pattern 
test(1), with one modification. Instead of 
0.5% chicken red blood cell suspension, a sus- 
pension of 0.25% cells was used. Titers for 
the HI test are reported in terms of initial 
serum dilution (1:10) and all titers adjusted 
for 4 hemagglutinating doses. A standard 
complement fixation test (CF) was used(1). 
All paired sera tested, except PET, showed at 
least a 4-fold rise in titer. PET sera showed 
a 2-fold rise. 


Results. Twenty “A” viruses were tested 
against 20 paired human sera by HI. From 
results obtained, the viruses were classified as 
2 main groups: (1) those against which both 
acute and convalescent sera had high HI 
titers and which were considered inhibitor sus- 
ceptible, (2) those against which the acute 
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TABLE I. Cross Neutralization of Human Paired Sera with ‘‘A’’ Viruses by Hemagglutina- 
tion Inhibition. 


Tnhibitor insusceptible viruses 


AJAP JOS JOY SIM THU DAU SWE TJA DEN JOH” PEP] THO 
Sera Hemagglutination inhibition titers 
AIS A* ot 0 0 t 0 0 0 0 <15 0 <15 
Cc ‘ 10 os 20 ae 10 40 60 40 . 15 
BED A os 0 re 0 0 0 0 0 0 
C 160 320 160 640 80 320 2560 640 80 640 
coo A 0 0 0 0 0 0 0 0 0 0 0 0 
C 160 320 320 160 320 2560 40 320 5120 320 160 640 
FUR ~A 0 0 0 0 0 0 0 0 0 0 0 0 
Cc e 40 80 20 20 80 80 20 640 80 80 80 
GRE A 3 0 0 0 0 0 0 0 0 0 
C je 20 20 20 10 20 320 320 160 40 
KIM A es 0 0 0 0 0 0 0 0 0 0 
C es ie 10 se 320 us 10 160 20 20 40 
LAH A 2, x ss 0 x 0 ea 0 0 0 0 0 
CG 160 160 1280 320 320 1280 640 320 2560 640 640 160 
AES A 0 0 0 0 0 0 0 0 0 0 0 0 
C 40 4 Pe 10 gs 3 ce a 20 20 80 40 
MAR pr 0 ”? ” ” ”? ” 0 0 0 0 
C <2 20 160 160 40 40 640 160 40 160 
NOR A a 0 ie 0 0 0 0 0 0 0 
(0 ” ”? 7 29 ” ” > ” 10 20 20 10 
PEP A. ” ”? ”? ” ” ” ” ” 0 0 0 0 
6} 10 ” ” »” ? ” 10 ” 20 20 ”? 10 
PET A 0 ” 3”? ” ” ” 0 ” 0 0 ” 0 
@ 2? ” ” ” 2? ” ” ”? ” 2? ” ” 
PETS A a9 ” ”? ”? ” ” ? ”? ” ”? ” ” 
Cc ie ? 10 10 3 20 40 10 80 80 20 40 
REE A 2? 4 0 i 0 0 0 0 0 0 0 
C 10 20 ‘x 22 40 20 10 320 40 80 40 
SCH A 0 0 2 sf 0 0 0 0 0 0 0 
C i a2 % ss cy 20 ra 10 80 40 80 2 
SW E A ” ” ” ”? ” 0) ” 0 0 0 0 0 
C - y ‘ 10 4 20 20 * 10 20 3 2 
VEE A ” ” 2? ” 0 0 ” 0 0 ” 0 
C dd 10 7 ae 20 40 10 320 80 40 80 
WEN A ea 0 zs 0 0 0 0 0 0 0 
C - : 20 20 10 320 160 80 80 
WHI A % “ ig 0 i 0 0 0 0 0) 0 
B ” ” ” ” ” ” 40 ” 40 20 20 10 
WIL IN ” ” ? ” ” ” 0 ” 0 0 0 0 
C ” ” ” ” ” ” 160 ” ” 10 10 ” 
* A — Acute; C = Convalescent. teen <olll { No more sera available. 


sera had no titer and were considered inhibitor 
insusceptible. Because both acute and conval- 
escent sera had high titers against inhibitor 
susceptible viruses, a diagnostic rise was dif- 
ficult to obtain. Consequently, in Table I 
only results using inhibitor insusceptible vi- 
ruses are shown. All inhibitor insusceptible 
strains tested showed that patients had no 
“A” HI antibody previous to infection with 
“A” virus. 


Table II illustrates progressive increase in 
number of sera with detectable HI antibody 
using different “‘A” viruses as antigens. 

Nineteen of the sera tested had both a 4- 
fold rise in CF titer and detectable HI anti- 
bodies. PET sera was HI negative against all 
‘““A” viruses, including the PET virus. In an- 
other instance not included in the Tables, an 
‘““A” virus was isolated from a patient whose 
paired sera was HI negative even against his 
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TABLE IT. Comparison of Number of Hemagglu- 
tination Inhibition Antibody Responses to 12 ‘A’? 
Viruses. 


No. sera* show- % positive 


ing detectable diagnosis 
Virus HI antibodies by HI 
THU 3/15 20 
A Jap 6/20 30 
JOY 7/20 35 
JOS 9/20 45 
SIM AG} 53 
TJA 13/20 65 
DAU 14/20 70 
SWE 14/20 70 
PEP 17/20 85 
DEN 18/20 90 
THO 18/20 90 
JOH 19/20 95 


* 20 sera maximum number tested. 


own virus. However, a third blood specimen 
drawn 1 week later, on the twenty-first day 
after onset, did show a diagnostic HI titer 
against several “A” viruses. Perhaps the 
PET convalescent sera was also taken too 
early. 

Discussion. Jansen and Hogan(2) found 
that out of 123 cases diagnosed as Asian in- 
fluenza only 47 had diagnostic rises in titer by 
both CF and HI. They also found that 29/ 
123 cases were CF negative and HI positive, 
and that 47/123 cases were CF positive and 
HI negative. The poor agreement between 
the CF and HI tests may be explained by our 
results. The results in Table I show that 
many sera negative by HI against one “A” 
virus, were positive by HI when other “A” 
viruses were used as antigen. If PET sera 
were excluded, 19/19 of the sera tested 
showed HI antibody titers against JOH virus. 
Use of JOH virus as the HI antigen made the 
HI and CF tests equally reliable. 

The discrepancy among “A” viruses in 
ability to detect HI antibodies (Table II) in- 
dicated the necessity for testing more than 
one “A” virus as an antigen. One wonders 
how many sera reported negative by HI dur- 
ing the recent Asian inflluenza epidemics 
would have been positive with use of several 
“A” viruses as antigens. 

The logical explanation for the variance in 
the “A” viruses was that some of these viruses 
were antigenically different. Widelock e¢ al. 
(3) isolated several “A” viruses late in an 
epidemic in N. Y. City which differed from 
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the majority of strains in that they cross re- 
acted with FM, sera as well as showing titers 
against anti-Asian sera. Takatsy, and Barb 
(4) found by use of hyperimmune chicken 
sera differences between the A-Singapore/1/ 
57 virus and “A” viruses isolated in Hun- 
gary. 

Our results showed that within a small area 
over a period of 2 to 3 months there appeared 
to be a wide antigenic variation among “A” 
viruses isolated. This variation was demon- 
strated by use of patients’ sera drawn during 
the same epidemic. If all “A” viruses were 
antigenically identical, then all strains could 
be used to detect equally well the HI antibody 
present in a patient’s convalescent serum. 

The differences in HI titers could not be 
due to some patients being poor antibody pro- 
ducers because some sera, for example, WHI 
and WIL failed to show HI antibody rises 
against most viruses, but against at least one 
of the viruses there was a good rise. If they 
were poor antibody producers against some, 
why not against all? The immunological 
background of the patient, i.e. strains of in- 
fluenza virus that infected him in the past, 
may be advanced to explain the variable anti- 
body response. Unless one admits to anti- 
genic differences among individual strains of 
“A” virus, it is difficult to explain why the 
same patient responds differently serologically 
to different strains used in the test. The im- 
munological background of a single patient is 
the same. The difference must be in the test 
viruses. 

Another possible explanation for antigenic 
diversity of “A” viruses could be the P-Q-R 
variation of van der Veen and Mulder(5). 
They have described P, Q, and R strains of 
influenza viruses of the same antigenic type. 
P strains had high HI titers only with homolo- 
gous sera. Q strains had low HI titers and 
R strain high HI titers with both homologous 
and heterologous sera. 

Levy and Wagner(6) reported that Balti- 
more strains of Asian influenza virus isolated 
in Oct. 1957 were in the R phase while the 
A/Jap/305/57 virus isolated 7 months pre- 
viously was in the Q phase. This explained 
why the Baltimore viruses were better HI an- 
tigens than the A/Jap/305/57 virus. 
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However, our results were not compatible 
with P-Q-R variation. Several viruses, for 
example JOY virus, produced low HI titers 
with most sera, but high HI titers with the 
remainder. PEP virus showed no HI titer 
with PEP sera, but detected HI antibodies in 
17 of the 19 other sera. In what phase were 
these viruses? Furthermore, at the beginning 
of the outbreak at SUI several viruses, THO, 
THU, SIM, and SWE, were all isolated within 
a week of each other. Yet there was wide 
variation in ability of these viruses to detect 
HI antibody (Table Il). It would be difficult 
to say that these viruses were in any one 
phase. 

A quantitative rather than qualitative dif- 
ference in viral antigens might be postulated. 
If this were true, then the highest HI titers 
should occur when paired sera were tested 
against the homologous virus. SWE virus 
against SWE sera gave HI titers which did not 
exceed those of several other, viruses. PEP 
virus against PEP sera showed no HI titer, 
while 3 other viruses did detect HI antibody 
in the convalescent serum. 

The failure of homologous virus to produce 
highest HI titer, could be the result of a 
change in antigenicity in vivo. PEP virus, 
for example, might have had a poor surface 
HI antigen and a good HI antigen within the 
virus. After infection, the breakdown of viral 
particles would allow the HI antigen previ- 
ously masked by surface antigen to stimulate 
production of HI antibodies. Sera from the 
patient could not react in vitro with PEP vi- 
rus because of the surface antigen, but other 
“A” viruses with the right surface antigen 
would react. 

Adsorption experiments are needed to defi- 
nitely determine whether “A” viruses are 
qualitatively distinct. Cross adsorption 
studies are under investigation. 

It was not determined why some of these 


strains were inhibitor susceptible and others 
insusceptible. However, use of inhibitor in- 
susceptible viruses as HI antigens removed 
the troublesome problem of inhibitors without 
resorting to chemical treatment of either sera 
or virus. 

Since this paper was writen, Purnell, Oster- 
hout, Tamm(7) reported that 5 strains of “A” 
virus isolated at the Hospital of Rockefeller 
Institute were closely related among them- 
selves by cross hemagglutination inhibition. 
Our results did not show this antigenic homo- 
geneity. 

Summary. Asian or “A” viruses isolated 
at the State University of Iowa in the recent 
epidemic were tested against selected paired 
human sera. All sera which had a 4-fold rise 
in titer by the complement fixation test also 
had a significant rise in titer by the hemagglu- 
tination inhibition test when several “A” vi- 
ruses were used as antigens. Neither viruses 
nor sera were chemically treated. There was 
a distinct variation in antibody response to 
‘““A” viruses when tested by hemagglutination 
inhibition. Possible causes of this variation 
have been discussed. 
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A Lipolytic Action of Epinephrine and Norepinephrine on Rat Adipose 


Tissue in vitro.* 


(24355) 


J. EARLE Wuirtet aANp FRANK L. ENGEL 
Depts. of Medicine and Physiology, Duke University Medical Center, Durham, N. C. 


Evidence that epinephrine and the sympa- 
thetic nervous system play a role in lipid me- 
tabolism and transport has been accumulating 
for years(1). Recent interest in the possible 
mechanisms involved has been roused by ob- 
servations of Gordon and Cherkes(2) and of 
Dole(3) that injection of epinephrine into 
human subjects leads to prompt elevation of 
serum nonesterified fatty acids, suggesting that 
the hormone may act directly on adipose tis- 
sue to accelerate rate of hydrolysis of trigly- 
cerides and release of fatty acids. This was 
confirmed by Gordon and Cherkes(4), and 
independently by ourselves(5), with the dem- 
onstration that incubation of epinephrine with 
rat epididymal adipose tissue in vitro results 
in release of fatty acids into the incubating 
medium. 

The present report presents data indicating 
that both epinephrine and _ norepinephrine 
stimulate production of nonesterified fatty 
acids from adipose tissue in vitro and that the 
effect is specific for the l-isomer of each hor- 
mone. 

Materials and methods. Approximately 50 
mg portions of epididymal adipose tissue were 
removed from 250-350 g Wistar rats which 
had been fasted overnight and anesthetized by 
intraperitoneal injection of sodium pentobar- 
bital. The tissue was weighed on a Roller- 
Smith torsion balance, then incubated in 1 ml 
of pooled rat plasma at 36°C in a Dubnoff 
shaking incubator. Heparinized plasma was 
obtained by exsanguinating male rats via the 
abdominal aorta and used immediately or 
after refrigeration. A few pilot studies done 
with serum yielded results comparable with 
those of heparinized plasma. The gas phase 
was air or nitrogen. The 10 ml Erlenmeyer 
flasks used for incubation were left unstop- 
pered. Evaporation was retarded by enclos- 


* Supported by grants from Am. Cancer Soc., Nat. 
Inst. of Arthritis and Metabolic Diseases and by Con- 
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+ Am. Diabetes Assn. Fellow, 1957-59. 


ing the flasks in a humidifying hood. Plasma 
nonesterified fatty acids were determined on 
0.4 ml aliquots of plasma by the method of 
Dole(3) immediately and 15 minutes or 3 
hours after addition of the hormone solution, 
or an equal volume of distilled water for the 
controls. Tissue nonesterified fatty acids were 
determined after rinsing the adipose tissue 
specimen in distilled water, by macerating 
them with a glass rod in the same extraction 
mixture used for plasma, then following the 
same procedure as in the plasma method. 
Hormones l-epinephrine bitartrate, d-epine- 
phrine bitartrate, l-norepinephrine bitartrate, 
and d-norepinephrine chloride were weighed 
in crystalline form, then brought into solution 
in distilled water with 0.1 ml of 0.1 N HCl 
per 100 ml to achieve a pH of 5.0. They are 
stable in solution for several days if refriger- 
ated. Concentrations of the hormones are 
expressed in terms of their hydrochloride 
equivalents per ml of the plasma medium. 
Results. When adipose tissue is incubated 
in rat plasma for 3 hours, no change occurs in 
fatty acid concentration of the medium (Ta- 
ble I), but fatty acid content of the tissue de- 
clines significantly? (p<.01). In the pres- 
ence of 5 pg of l-epinephrine, striking in- 
creases in fatty acid concentration in both me- 
dium and tissue are detectable in 3 hours (p 
<.01). Tissue content of fatty acids in- 
creased to 4.5 + 0.26 »M/g compared to 2.3 
+ 0.27 »M/g in the control (p<.01) after 
only 15 minutes exposure to 10 ng of l-epine- 


t The small but significant difference in tissue con- 
tent of fatty acids before and after incubation is an 
artifact of the procedure. It represents the amount 
of hydrolysis of tissue triglycerides which results 
from allowing tissue specimens to stand for 3 hours 
in the undiluted H,SO,-isopropyl alcohol-heptane 
mixture for extracting nonesterified fatty acids. When 
the initial tissue specimens are diluted promptly after 
extraction their content of fatty acids is the same 
as that found in control tissues after incubation. This 
factor does not influence the significance of the other 
tissue or plasma differences. 
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TABLE I. Changes in Nonesterified Fatty Acid Concentrations (Mean + 8.E.) in Medium and 


Adipose Tissue Induced by 1-Epinephrine In Vitro. 


————_ Medium. ——————__,, 7 —— AdiposeltiSSue aan 
Initial 15 min. 3 hr Initial 15 min. Salar 
Air bs 
(7) (7) (6) 
1. Control .66 + .031 .67 + .039 2.8 + .44 1.2 + .10 
5) 
(5) (5) ( 
2. 1LEpi, 5 ug/ml .60 + .046 1.67 + .223 5.8 + .73 
(4) (4) pe 
3. Control 47+ .040 .51 + .045 2.38 + .27 
(4) (4) (4) 
4. 1-Evi.l0 pg/ml 45+ .086 .57 + .043 4.5 + .26 
Nitrogen 
6) 
(6) (6) (6) ( 
5. Control .61 + .046 .85 + .062 2.8 + .44 1.4 + .07 
(4) (4) (4) 
6. l-Epi,10 ug/ml .67 + .014 1.06 + .034 2.0 + .49 


Numbers in parentheses indicate No. of experiments. Nonesterified fatty acids in medium 
are expressed as wM of fatty acid/ml of medium and in the tissue as uM of fatty acid/g of tis- 
sue. Initial values are contrasted with those found after incubating adipose tissue aerobically 
or in nitrogen for 15 min. or for 3 hr, with and without l-epinephrine. 


phrine and before the plasma level had 
changed appreciably. This latter finding 
strongly suggests that the triglycerides of the 
adipose tissue rather than those of the plasma 
are the source of the new fatty acids which 
appear in the medium. Unrecorded data in- 
dicate that plasma incubated without adipose 
tissue increases very little in fatty acid con- 
tent, and this slight rise is not influenced by 
epinephrine. Preliminary assays of the me- 
dium for lipase have disclosed no appreciable 
release of this enzyme from adipose tissue dur- 
ing incubation, due perhaps to the limited con- 
tact of heparin with the capillary network of 
the tissue im vitro. It appears that epine- 
phrine acts in this system by speeding hy- 


| EPI f- ~ 
Levwernnine [éepnennnne beoteel Zct0ReF' 


+300- 


ym fs 
FATTY ACID +4200 4 
RELEASED 5 i 
PER 100 MG. : fe 4 
ADIPOSE TISSUE fie 
IN 3 HOURS 7 
(MISE) +1.00-4 
#2 fs b bs ese CONTROL 
0 =} Meese 


=1.00+ 
t 
DOSE ,pg./mi | O1 | 10 | 50 |10.0 |10.0] 100 |1000] 0.1 | 1.0 |500 |100, | 200) 


P(OVER CONTROL) |<0.02|<001|<001|<00!| NS. |<Q01/<0.0i] NS |<O0l/ NS. ooe|<oo| 
7 


FIG. 1. Influence of epinephrine and norepineph- 
rine on release of nonesterified fatty acids from rat 
adipose tissue in vitro. 


drolysis of neutral fat within the tissue at 
least to the stage of lower glycerides and fatty 
acids. When incubations are carried out 
anaerobically, in an atmosphere of nitrogen, 
fatty acids increase in the medium of the con- 
trols more than in air and the effect of epine- 
phrine is suppressed in medium and tissue. 
Lipolytic action of epinephrine must there- 
fore depend on continuing aerobic metabolism 
of the tissue. Fig. 1 compares l-epinephrine 
with its d-isomer in respect to potency in re- 
leasing fatty acids from adipose tissue, and 
with l- and d-norepinephrine. As little as 0.1 
ug of l-epinephrine brought about a small but 
significant release of fatty acids (p<0.02). 
Increasing the dose increased the quantity of 
fatty acids produced to a maximal response at 
the 5 ng level. Commercial Adrenalin Chlor- 
ide® was found to have the same order of 
lipolytic activity in this system as equimolar 
concentrations of the l-epinephrine bitartrate. 
D-epinephrine must be present in a concen- 
tration about 100 times that of l-epinephrine 
for equivalent activity, but the slope of dose 
response curves is similar for both hormones. 
L-norepinephrine has about the same potency 
as l-epinephrine, while d-norepinephrine is 
about 1/200th as potent as the l-isomer. A 
number of studies in intact animals have 
shown the l-isomers of epinephrine and nor- 
epinephrine to be from 4 to 60 times as potent 
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as their respective d-isomers(6). The lipo- 
lytic process in adipose tissue appears also 
to be sensitive specifically to the physiological 
isomers of these hormones. 

Discussion. The lipolytic potency of epine- 
phrine found in this study is remarkably simi- 
lar to that reported earlier by Gordon and 
Cherkes(4), despite wide differences in con- 
ditions of assay. These investigators found 
that 0.05 ug of epinephrine in 5 ml of Krebs- 
Ringer phosphate medium containing 5% bo- 
vine serum albumin stimulated production of 
2.31 uM of fatty acid per gram of adipose tis- 
sue per hour, while the control produced 1.31 
uM /g/hr. In the present study, 0.07 pg of 
l-epinephrine in 0.7 ml of rat plasma led to an 
increase in the medium of 1.50 »M of fatty 
acid per gram of adipose tissue per hour, while 
no change occurred in the medium of the con- 
trol. The studies differ in composition of me- 
dium, total amount of adipose tissue per flask, 
and period of incubation, but the results are 
quite comparable when allowance is made only 
for glucose, present in rat plasma but absent 
from the Krebs-Ringer phosphate medium. 
Gordon and Cherkes have shown that glucose 
suppresses production of fatty acids from adi- 
pose tissue incubated in Krebs-Ringer phos- 
phate. In this laboratory, the lipolytic effect 
of epinephrine has been demonstrated in a 
variety of different media besides plasma, in- 
cluding Krebs-Ringer phosphate, Krebs- 
Ringer bicarbonate, and saline. Addition of 
glucose to the medium has been found to have 
an inhibitory effect on lipolysis in every case 
(unpublished). 

The evidence presented here that norepine- 
phrine is as potent a lipolytic agent im vitro as 
epinephrine and that the lipolytic process in 
adipose tissue is stimulated preferentially by 
the physiological isomer of each suggests a 
role for both hormones in mobilizing fat in 
the intact animal. The activity of epinephrine 
in bringing about an increase in serum non- 
esterified fatty acids and in causing fatty liver 
in vivo is well established(1,2,3). Of special 
relevance to this study is the recent report of 
Wadstrom(7) that epinephrine given subcu- 
taneously to rabbits produced within a few 
minutes an increase in the lower glycerides of 
adipose tissue, indicating a partial hydrolysis 
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of neutral fat. A few reports are available 
suggesting comparable activity for norepine- 
phrine. Aujard(8) noted that norepinephrine 
increased neutral fat content of the liver of 
rats. Both Havel as well as Estes and Bog- 
donoff (personal communications) have found 
that norepinephrine increases plasma levels of 
nonesterified fatty acids in human subjects 
and in dogs, though perhaps is less potent in 
this regard than equivalent doses of epine- 
phrine. Physiologically norepinephrine is in 
a good position to influence fat metabolism by 
virtue of its mediation of adrenergic impulses 
at nerve endplates(6). Beznak and Hasch 
(9), Hausberger(10), and Clement(11) have 
shown that interrupting the sympathetic nerve 
supply to adipose tissue retards locally its loss 
of fat in rabbits, cats, and rats during fasting 
and cold exposure. Wertheimer and Shapiro 
(12) have reported that sympathetic innerva- 
tion of fat depots must be intact to permit nor- 
mal depletion of lipid stores which follows 
certain stresses. These studies, coupled with 
our demonstration of a lipolytic influence of 
norepinephrine in vitro, support the suggestion 
that nerve impulses may under certain cir- 
cumstances act directly to effect mobilization 
of lipid stores, perhaps by liberating norepine- 
phrine locally at nerve endings within adipose 
tissue. 

Certain other hormones have also been 
found in this laboratory to induce lipolysis in 
isolated rat adipose tissue(13). Corticotropin, 
growth hormone, and thyroid stimulating hor- 
mone have this property in common with 
epinephrine and norepinephrine. The activ- 
ity of these same hormones in mobilizing fat 
in the intact rat and mouse(14) strengthens 
the significance of the im vitro observations. 
Other hormones, such as melanophore stimu- 
lating hormone, prolactin, Pitressin®, Pito- 
cin®, serotonin, triiodothyronine, and hydro- 
cortisone, which do not mobilize fat acutely 
in vivo, have been found here not to be lipo- 
lytic in vitro. A clue to a mechanism for the 
lipolytic activity of these hormones derives 
from observation that lipolytic doses of 
ACTH, epinephrine, and _ norepinephrine 
markedly inhibit glucose uptake by isolated 
adipose tissue, even in the presence of large 
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doses of insulin (Verner and Engel, unpub- 
lished). 

Summary. Epinephrine and norepinephrine 
stimulate production of nonesterified fatty 
acids from rat adipose tissue when incubated 
in vitro in rat plasma, presumably by stimu- 
lating the hydrolysis of neutral fats within the 
tissue. Incubation under nitrogen markedly 
inhibits this effect of epinephrine and appears 
to increase production of fatty acids from con- 
trol tissues. The d-isomers of epinephrine 
and norepinephrine are much less active in 
this system than the physiological l-isomers, 
indicating a specificity in tissue response. 
Some implications of this lipolytic activity are 
discussed. 


We are indebted to Drs. McC. Goodall and N. 
Kirschner for the hormones used. 
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Although antigenicity of polysaccharides 
has been investigated extensively in rabbits(1) 
and man (2a, b), there is little in the litera- 
ture concerning antigenicity of polysaccha- 
rides in guinea pigs(3). The availability of 
good technics for immunization, production 
of “delayed hypersensitivity,’ and the detec- 
tion of antibody prompted a reinvestigation 
of the problem from several approaches. 

Methods. Antigen and antibody. Both 
pneumococcal polysaccharides SIII and rab- 
bit anti SIII were obtained from Dr. M. Hei- 
delberger. Dextran preparations B512F and 
3079 were obtained from Northern Regional 
Research Laboratory and the Pharmacia Co. 
respectively. Human antisera against these 
materials were obtained by immunization of 


* These studies were supported by research grants 
froOmMeNG LH. U.S. 2 .ES: 

t Publication No. 176 of Department of Pathology, 
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normal, healthy medical students(2b). Five 
times recrystallized ovalbumin (Ea) was pre- 
pared by the method of Kekwick and Cannan 
(4). Anti Ea sera were obtained from rabbits 
after a course of intravenous injections of 
alum precipitated Ea. The antibody content 
of various sera was determined by employing 
quantitative precipitin technics developed by 
Heidelberger and co-workers(5). 


Methods. 1. Antigens used for immuniza- 
tion of guinea pigs were prepared several 
ways: a) Dextran preparation or pneumococ- 
cal SIII was mixed in a complete adjuvant 
mixture containing Arlacel C, Bayol F and 
dead mycobacteria(6,7). The final concen- 
tration of polysaccharide was 20 pg/ml. b) 
Specific precipitates of either dextran-anti 
dextran, SIII-anti SIII or Ea-anti Ea were 
prepared according to procedure employed by 
Uhr, Salvin and Pappenheimer(8). In this 
procedure precipitates are formed in antibody 
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TABLE T. Methods of Immunization Employed. 


Group* Material inj.t 
la 10 wg SIT with t.b. 
Ib 
2a 10 wg SI1T—anti STITT ppt. with t.b. 
2b 
3 10 wg SI1T—anti STILT 
10 pg Ea-anti Ea i Sea he 
4 10 wg SItT—anti SIT) 
10 wg Ea—anti Ea i mE 
5 Dextran B512F—anti dextran ppt. 
6 Dextran 3079—anti dextran ppt. 


*6 guinea pigs used for each group. 
+ All inj. were in the foot pad. 


TABLE II. Procedures Employed with Various 
Groups of Guinea Pigs. 

Group Procedure employed 

la,2a Guinea pigs bled D0, D10, D20, D30, D60. 

1b,2b Guinea pigs bled D0, D10 and D20. On 
D20, 10 wg SII inj. into foot pads. 
Guinea pigs bled again on D30 and re- 
inj. with 10 yg SIII and bled again on 
D60. 

3.4 Guinea pigs bled D0. On D12 skin tested 
with 10 yg SIIT and 10 ug Ea and bled 
again D13. On D19 guinea pigs were 
bled and skin tested with SIII, Ea and 
Rgg. 

5,6 On D13 guinea pigs bled and skin tested 


with dextran. On D15 guinea pigs chal- 
lenged by intray. inj. of 1 ml of human 
serum. 


excess where only 14 of antibody is precipi- 
tated with all of the added antigen. Specific 
precipitates which formed were washed in the 
cold 4-5 times, resuspended in saline and in- 
corporated in an adjuvant mixture. In some 
instances, dead mycobacteria were not incor- 
porated into the mixtures. 2. Jmmunization 
of guinea pigs. Male white guinea pigs weigh- 
ing between 350-450 g were injected in the 
foot pads with adjuvant mixtures. Depend- 
ing upon the group, each guinea pig received 
10 wg of the polysaccharide, Ea, or a mixture 
of the two. Table I summarizes the various 
groups and injections administered. As noted, 
some guinea pigs were injected with free poly- 
saccharide whereas others received the anti- 
gen-antibody precipitate. 3. Table II sum- 
marizes the various treatments that each 
group of guinea pigs received. 4. Analysis of 
serum. Table III summarizes the results of 
testing the sera. Both in vitro and in vivo 
methods were employed to determine whether 
or not the giunea pigs had produced detec- 
table amounts of antibody. The im vitro pre- 
cipitin technics for detecting antibody were 
similar to those developed by Heidelberger 
and MacPherson for analysis of human sera 
(9). In addition, micro modification of the 
technic of double diffusion in agar as described 
by Preer was employed(10). As the above 


TABLE III. Results Obtained by Different Methods of Analysis of Guinea Pig Serum. 


Methods employed in analyzing the sera 


Micropptn. reaction 


Day of SII or 
Group bleeding dextran Ea Rgg 


SIII or 
dextran Ha Rgg 


IPS OAS 


SIILI or 
dextran Ea Reg 


Agar diffusion 


la, 1b 0 — 
10 er 
20 — 
30 —_ 
60 — 


2a, 2b 0 _ 
10 _— 


sae 


| 
+ hit +11 
a \f || 


5&6 13 — 


dé alien 3 
~— 5 = 4 
= Sg = she 
= = = Si 
So as = gee a x 
= = ae a “Ng or 
a a it: = “ - 
= + ae = te as 

2% = a 


15 Guinea pigs showed systemic anaphylaxis to human serum. 
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TABLE IV. Skin Reactions Observed in Guinea Pigs.* 


Time of reaction, day 12 


Time of reaction, day 19 


6 hr Rx 24 hr Rx 6 hr Rx 24 hr Rx 
Cnn Keay eT Savas “ta 
Group pig Ea SIII Ea SHI Ea SII Rgg Ea SIII Rgg 
3 1 3x8 4x4 18x18 7x7 15x15 10x10 12x12 12x12 8x8 15x15 
2 12x12 5x5 25x25 s 18x18 4 e 10x10 10x10 12x12 
3 10x10 4x4 22x22 8x8 15x15 
4 Seon Okonm0 20s dX 12x12 a 15x15t 12x12 8x8 5x5 t 
5 10x10) 5x5 ie 10x10 17x17 12x12 14x14 — 4x4 15x15 
6 ‘7 4x4 es 7x7 
4 7 — = = 6x6 
8 — — 4x4 # a ‘ 15x15 
9 == = 3x3 7x7 8x8 8x8 7x7 
10 3x3 7x7 4x4 8x8 12x12 12x12 10x10 
ill a 6x6 3x3 am 8x8 12x12 
12 4x4. 7x7 4x4 (Ox 
* All reactions expressed as size of erythema in mm. + Necrosis. 


procedures can only detect precipitating anti- 
body, the iz vivo technics of passive cutaneous 
anaphylaxis (PCA) and systemic anaphylaxis 
were also employed. These latter technics 
are known to detect exceedingly small amounts 
of non precipitating antibody. 5. Skin test- 
ing of guinea pigs. At appropriate times after 
injection as outlined in Table IV, guinea pigs 
were injected intradermally with 0.1 ml of 
solutions containing 10 pg of appropriate an- 
tigen, 7.e., polysaccharide, Ea or rabbit 
gamma globulin (RGG). Skin reactions were 
read at 5-6 hours and again after 24 hours. 
The various results will be discussed below. 

Results. The data presented in the present 
report confirm the published information on 
the poor antigenicity of purified polysaccha- 
rides in guinea pigs. The methods employed 
previously did not use as vigorous technics 
for immunization nor as rigorous methods for 
analysis of the serum as employed in the 
present report. In the present study, none of 
the combinations of methods of immunization 
used produced detectable amounts of anti- 
body. The most sensitive technic for detect- 
ing antibody appears to be the passive cu- 
taneous anaphylaxis test as developed by 
Ovary(11). In our hands, too, the method 
could detect 0.003 pg of anti Ea and 0.02 pg 
of anti SIII. 

Whereas purified preparations are not anti- 
genic in rabbits(1), only small amounts of 
polysaccharide material are necessary to pro- 
duce considerable levels of circulating anti- 


body in humans(2). The reason for this dif- 
ference in behavior is not known, but it should 
be realized that there are definite differences 
among species in the response to purified anti- 
gens whether they be protein(12), polysac- 
charide or synthetic materials(13). It should 
also be mentioned that if polysaccharides are 
injected either as part of the bacterial cell, or 
adsorbed onto collodion then antibody against 
the polysaccharide is produced(14). How- 
ever, the particulate nature of the antigen is 
not the only factor determining whether a 
polysaccharide is to be antigenic in guinea 
pigs. Although guinea pigs were injected with 
specific precipitates they responded only to 
rabbit gamma globulin. This latter observa- 
tion is important as it shows that the animals 
were not unreactive. 

Although the present significance of the 
phenomenon of “delayed hypersensitivity” 
produced by injection into guinea pigs of ap- 
propriately prepared antigen-antibody pre- 
cipitates is still somewhat controversial, the 
data in Table IV do show that the phenome- 
non can be reproduced. Definite “delayed re- 
actions” to Ea were observed in guinea pigs 
injected with Ea-anti Ea precipitates plus 
dead mycobacteria, whereas a poor or negli- 
gible reaction was observed when mycobac- 
teria were omitted from the adjuvant prepa- 
ration. A more detailed report of this phe- 
nomenon will be presented separately. The 
data do show, however, that no significant 
“delayed reactions” were observed against 
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SHI. The slight increase in skin reactions 
with the guinea pigs on D19 is at present un- 
explainable. 

Summary. The lack of antigenicity of puri- 
fied pneumococcal polysaccharide and dextran 
in guinea pigs has been demonstrated. Both 
the methods used for immunization and detec- 
tion of antibody have been shown to be quite 
good for the other systems. 


The authors wish to thank Mr. Albert Nordin for 
his competent technical assistance and Dr. M. Heidel- 
berger for gifts of SIII and rabbit anti SIII serum. 
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The serological reactions of the rheumatoid 
factor have been studied extensively not only 
for the promise they hold as a diagnostic tool, 
but also for their possible bearing on the eti- 
ology of rheumatoid arthritis. A critical re- 
view of past work has appeared recently(1). 
The rheumatoid factor is a macroglobulin 
with a sedimentation coefficient of Sy,29 = 
19 S; in many instances it circulates in the 
blood as a complex (Sw,29 = 22 S) containing 


* Supported in part by grant from N. I. of Arthri- 
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other gamma globulin(11). The rheumatoid 
factor, furthermore, contains 2 serologically 
distinct and separate components(2,3,4). 
While both components react with aggregated 
gamma globulin(5,6), only one seems involved 
in adsorption onto certain antigen-antibody 
systems(3). Such systems form the basis of 
the various sensitized erythrocyte(7,8) and 
bacterial agglutination reactions(9). A num- 
ber of investigations aimed at isolation of the 
rheumatoid factors have been reported re- 
cently (4,10,12,13,14). A new simple method 
is reported herewith, which avoids the compli- 
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cations arising from use of an antigenic eluent 
(10), extremes of pH(12) or high concentra- 
tions of urea(4,12). The method extends and 
applies recent studies on pH dependence of 
the sensitized sheep cell reaction(15). It was 
shown that optimal conditions for the reaction 
lie between pH 6 and 8.5, while inhibition oc- 
curs below pH 5.8. In applying this knowl- 
edge, the agglutination of sensitized sheep 
_erythrocytes due to a constituent of serum 
of individuals with rheumatoid arthritis was 
reversed by adjusting the test suspension to 
pH 5.5. Dissociation of the agglutination 
factor from the sheep erythrocyte anti-sheep 
erythrocyte complex was observed. The 
decantate of such a test suspension contained 
the agglutination factor, whereas the sedi- 
mented cells on readjustment of pH could be 
reemployed in further agglutination tests. 

Materials and methods. Complications 
arising from the use of intact sheep erythro- 
cytes were overcome by use of stroma. 
Stroma preparations, obtained from pooled 
sheep blood, were sensitized with varying 
amounts of rabbit anti-sheep serum. The op- 
timal sensitizing dose was determined for each 
batch of stroma by testing its affinity for the 
agglutination factor. The optimal sensitizing 
dose in most experiments was found to exceed 
the basic agglutination titer by a factor of 
100. The volume of packed sensitized stroma 
required for the complete absorption of the 
factor agglutinating sensitized sheep: erythro- 
cytes depended on the titer of the serum to be 
processed. Individual serum samples, previ- 
ously stored in a freezer from one to three 
months, were used. Purification of serum 
samples was followed by the sensitized sheep 
cell test, using 1/20 of the basic agglutination 
titer of the rabbit anti-sheep serum as the sen- 
sitizing dose for a 0.25% suspension of sheep 
erythrocytes(7), and by the latex fixation 
test(16). Heterophile antibodies were tested 
by a 0.25% sheep erythrocyte suspension. 
Protein analyses were performed by automati- 
cally recorded ultraviolet absorption spectro- 
photometry. The difference in extinction co- 
efficients between 278 mp and 320 my served 
as index of the protein concentration. A 
gamma globulin reference standard was used. 
Preparative as well as analytical ultracentri- 


fugation was carried out in a Spinco Ultra- 
centrifuge, Model E. A preparative rotor 
“K” with tubes of 38.5 ml and 6.5 ml capa- 
city respectively, was used. Analyses were 
performed at 47,660 rpm, in a cell equipped 
with a double sector centerpiece for simul- 
taneous determination of the sedimentation 
characteristics of solution and solvent. Deter- 
minations of the sedimentation coefficients, 
when possible, were made at different concen- 
tration by observation of the sedimentation 
velocity. Homogeneity of the macroglobulin 
was determined by calculating apparent dif- 
fusion constants (D,),) from measurements 
of area and maximal ordinates of boundaries 
at different time intervals as suggested by 
Schachman(17). As insufficient amounts of 
material were available for elecrophoretic 
analyses by a moving boundary method, pa- 
per electrophoresis was resorted to. An E. C. 
electrophoresis apparatus, Whatman Filter 
Paper 3MM, veronal buffer (0.05 I'/2, pH 
8.6) and a field strength of 500 V over a 5 
hour period were used. Serum samples were 
diluted 10-fold with distilled water and ad- 
justed to pH 6.4. After storage overnight in 
the cold, the precipitated material was spun 
off and resuspended in 0.15 M phosphate buf- 
fer of pH 7.0. The solution was exposed to 
freshly sensitized sheep erythrocyte stroma 
for one hour. The amount of stroma required 
for complete absorption of the agglutination 
factor depended on the stroma preparation as 
well as on the titer of the serum sample. The 
stroma-agglutination factor complex was 
washed at least 6 times with saline and finally 
suspended in aliquots of 0.15 M phosphate 
buffer of pH 5.5, with stirring for one hour. 
Following centrifugation, this procedure was 
repeated until no further agglutination factor 
appeared in the supernatant. The combined 
supernatants were spun in the ultracentrifuge 
at 140,000 x g for 16 hours. The resulting 
pellets were dissolved in 0.15 M_ phosphate 
buffer of pH 5.5, and subjected to differential 
ultracentrifugation in a 25% sucrose-saline 
density gradient. After 3 hours of centrifuga- 
tion at 140,000 x g the agglutination factor 
was found in fractions of highest sucrose con- 
centration. The fractions were dialyzed 
against 0.15 M phosphate buffer of pH 5.5. 


PURIFICATION oF A RHEUMATOID FACTOR 


383 


TABLE I. Progress of Purification of the Sensitized Sheep Erythrocyte Agglutination Factor. 
eee St ytrocyte Aggiutination Pactor. , 


Specific activity”* 
Sensitized sheep Latex gamma 
erythrocyte ag- globulin 
glutination test fixation test 


Initial serum sample (I.A.) 140 70 

Sample after precipitation at pH 6.4, low ionic strength 3,200 3,200 

Sample after removal of the Agglutination Factor 0 950 

Agglutination Factor released from sensitized sheep eryth- 8,000 4,500 
rocyte stroma after exposure to pH 5.5 

Agglutination Factor after repeated differential ultracen- 80,000 40,000 


trifugation 


* Titer/mg protein. 


The differential ultracentrifugation was re- 
peated until a solution devoid of low molecu- 
lar weight contaminants was obtained. 
Results. Table I is reduced protocol of a 
successful purification experiment. Consid- 
erable purification was obtained by the initial 
precipitation from a solution at low ionic 
strength and pH 6.4. The new method, how- 
ever, afforded selective separation of the ma- 
terial responsible for agglutination of sensi- 
tized sheep erythrocytes from other euglobu- 
lins, including a material which reacted with 
aggregated gamma globulin but not with sen- 
sitized sheep erythrocytes. Elution of the 
sensitized sheep stroma complex with 0.15 M 
phosphate buffer of pH 5.5 resulted in a good 
recovery of the agglutination factor. Analyti- 
cal ultracentrifugation of the eluate revealed 
some impurities of low molecular weight os- 
tensibly derived from soluble stroma. The 
impurities were removed by repeated differen- 
tial ultracentrifugation. Large manipulative 
losses, mainly due to precipitation of material 
during dialysis for the removal of sucrose, oc- 
curred. Dialysis at neutral or at slightly al- 
kaline pH accelerated the formation of insol- 


of preparations 


Sedimentation diagrams 
(1.A.) and (W.S. I). 47,660 rpm. Time interval: 8 
min. Phase plate angles 48.5 and 39.5 deg. 


BUG el: 


uble precipitates. The specific activities of 
the agglutination factor were expressed in ti- 
ters obtained from the assay of 1 mg of pro- 
tein. As can be seen, a protein in concentra- 
tion of 0.013 yg still agglutinated sensi- 
tized sheep erythrocytes, and 0.026 yg still 
fixed gamma globulin-latex particles. Hetero- 
phile antibody was absent. Sedimentation 
patterns of 2 preparations are shown in Fig. 1. 
Table II provides a summary of the results 


TABLE II. Summary of Results of Purification 
Experiments of Five Serum Samples. 


Specific activities 


Sensitized Latex 
Serum sheep cell y globulin Paper 
sample aggl.test fixation electrophoresis 
——— X 1000—_, 
LA. 80 40 — 
Wipe 60 30 — 
WS. II 12 8 — 
M.W. 18 48 Gamma globulin 
M.P. 13 50 Idem 
obtained with other serum samples. The cal- 


culated sedimentation coefficients of the most 
highly purified preparations (I.A., W.S. I) 
WeFe Sops = 20.2 s, corrected to Sw.2o = 18.2 s. 
The diffusion constant, obtained from sedi- 
mentation pattern (I.A.) was Dapp = 1.94 x 
107 cm*sect. Details of the calculation ap- 
pear in Table III. 

Control experiments with two sera of in- 
dividuals without connective tissue disease 
failed to yield a similar macroglobulin. 

Discussion. The use of sensitized sheep 
erythrocyte stroma for the absorption of the 
agglutination factor has enabled preparation 
of a highly purified and reactive macroglobu- 
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TABLE III. Calculation of an Apparent Diffusion 
Constant (Dapp) from a Sedimentation Diagram 
LA 


eS od 
OOOO ICONS Oq*q*q*q*wosSnSS — 


Time (t), 


sec. 1st Ajmm? H,mm D,,,, em? sec~ 
480 978 3.63 10.85 seh <r 
960 955 3.30 6.45 2.08 ” 
1,440 933 2.70 4.40 Ito Seas 
1,880 911 2.40 3.85 1.94 ” 
2,360 889 2.26 2.80 TOT, 
il Am 
Day = —— (— (1-’st), 
Ant \ H 
wheres = Sedimentation coefficient (20.2 x 10-% 
sec.) 


w — Revolutions/second 27 (radians) 
A = Area under peak 
H = Height of maximal ordinate of peak 


lin. Its specific activity greatly exceeds the 
values previously reported by others(4,6). 
Tentative evidence for the homogeneity of 
one preparation rests on the close agreement 
of the values of D,pp at different time inter- 
vals, as detailed in Table III. On substitu- 
tion of D,»p) into an equation combining sedi- 
mentation and diffusion constants, an esti- 
mated molecular weight of the agglutination 
factor could be calculated. An assumed par- 
tial specific volume V of 0.725 was needed for 
the estimate: 


MW = 
Rts 


Dida). 


SilBe Oe e299 a2 0 2 alms 


1.94 X 10 (1—0.725) 
— 950,000 


The agglutination factor was separated 
from a second macroglobulin of rheumatoid 
arthritis, which although reacting with gamma 
globulin (latex fixation), failed to agglutinate 
sensitized sheep erythrocytes. Isolation pro- 
cedures based on the precipitation of the 
rheumatoid factors by gamma globulin(6) re- 
sult in the simultaneous precipitation of both 
proteins and thus render a mixture of macro- 
globulins. Recent reports indicate, however, 
a successful resolution of this mixture on a 
DEAE cellulose ion exchange column(4). 
Barring structural changes due to concen- 
trated urea, the material purified on this 
column and the macroglobulin described in 
this paper seem to be identical. 


Based on calculations of specific activity, 
the agglutination factor occurs in concentra- 
tions ranging from 0.1 mg to 20 mg per cent 
in sera of individuals with positive sensitized 
sheep cell titers. 

Summary. A macroglobulin was purified 
from sera of individuals with rheumatoid 
arthritis which agglutinated sensitized sheep 
erythrocytes and fixed gamma globulin-latex 
particle suspensions. Tentative evidence for 
the homogeneity of a preparation was fur- 
nished. The isolated macroglobulin is a com- 
ponent of the rheumatoid factor. The latter 
is a mixture of closely related macroglobulins. 


Gifts of human gamma globulin from Am. Red 
Cross and of rabbit anti-sheep serum from Dr. Albert 
Harris, N. Y. State Dept. of Health, Albany, N. Y., 
the advice of Dr. H. E. Pollaczek, Vet. Admin. Hos- 
pital, Bronx, N. Y., and the technical assistance of Mr. 
P. Riordan are gratefully acknowledged. 
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Mice, rats and voles respond to increased 
population density with adrenocortical hy- 
pertrophy and diminished growth and repro- 
ductive function(1-4). Although adrenocor- 
tical function was not measured directly, it 
was assumed that cortical hyperplasia and hy- 
pertrophy indicated increased activity. In- 
volution of the thymus and depressed eosino- 
phile counts associated with adrenal hyper- 
trophy supported this assumption(2-5). Cor- 
tisone, hydrocortisone, and corticosterone sup- 
press inflammation(6,7) and increase the 
pathogenicity of various organisms(6,9-12). 
It is known that animals from natural popu- 
lations of high density become less resistant 
to infectious diseases and their effects than 
animals from populations of lower density 
(13). In view of these facts it is logical to 
ask whether the decreased resistance in ani- 
mals at high densities is a result of suppres- 
sion of normal defensive responses to patho- 
gens, particularly inflammation, by increased 
adrenocortical activity. The present experi- 
ments were designed to explore the effect of 
increased population density, or crowding, on 
inflammation in albino male mice. 

Methods. A. Procedure for inducing 
granuloma formation. Several methods of as- 
saying anti-inflammatory actions of steroids 
have employed the ability of these compounds 
to suppress formation of experimentally in- 
duced granulomas(14-16). A modification of 
the technic utilizing subcutaneous cotton pel- 
lets to induce granuloma formation was used 
in the present experiments(15,16). Using 
aseptic procedures, a sterile 5 mg cotton pellet 
wet with turpentine was inserted beneath the 
skin of an ether-anesthetized mouse through a 
mid-dorsal longitudinal incision. The incision 
was closed with a clip after insuring that the 
pellet was sufficiently far from the incision so 


* The opinions or assertions contained herein are 
the private ones of the writers and are not to be 
construed as official or reflecting the views of the 
Navy Department or naval service at large. 


that it would be neither sloughed nor involved 
in the reaction to the incision. The modifica- 
tion in the original technic was wetting the 
pellets with turpentine and then blotting off 
the excess prior to insertion rather than using 
cotton alone. We had found that granulomas 
induced in rats by cotton wet with turpentine 
weighed 3 times as much as those induced by 
cotton alone and with proportionally less vari- 
ability in their weights (Table I). A 5 mg 
pellet of cotton with turpentine was inserted 
subcutaneously on one side and a 5 mg pellet 
of cotton only on the other side of the back in 
each of 9 male Sprague-Dawley rats weighing 
between 130-150 g. Six days later the rats 
were sacrificed and granulomas weighed. B. 
Effects of crowding on granuloma formation. 
Two similar experiments were performed to 
determine the effect of crowding on weights 
of granulomas induced by subcutaneous pel- 
lets of cotton with turpentine in male albino 
mice. In both experiments male mice weigh- 
ing 9-10 g were segregated at weaning, each 
mouse in its own cage. Three weeks later 5 
mg pellets of cotton plus turpentine were in- 
serted subcutaneously and each mouse was 
either returned to its original cage to serve as 
a segregated control or it became one of a 
group of 5 in a single 7” x 10” cage, consti- 
tuting experimental crowding. All mice were 
sacrificed 6 days later and the granulomas 
weighed. There were 14 segregated mice and 
5 groups of 5 each in the first experiment, and 


TABLE I. Mean Weights of Granulomas Induced 

in Male Albino Rats by Inserting Cotton Pellets 

Alone and Cotton Pellets Wet with Turpentine 

Subeutaneously. Cotton alone was placed on one 

side and cotton plus turpentine on the other side 
of the mid-dorsum of each rat. 


No. of 
granulomas 


Mean wt of granu- 


Treatment lomas + 8.E., mg 


9 148.8 + 39.7 
(26.7% of mean) * 

443.4 + 74.8 
(16.9% of mean) * 


5 mg cotton 


Idem + turpentine 9 


* P difference of means <0.01, 
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TABLE IE. Mean Weights of Granulomas Induced by Subcutaneous Insertion of 5-mg Pellets of Cotton 

Wet with Turpentine in Male Mice, and Effect of Grouping and Segregation on Weights of Granu- 

lomas. Mean value from each group of mice was the unit of measurement used for statistical treat- 
ment except as noted. 


eC. TTTTE—ETETOll"_®=®<®@QQQ@Q@QQ a SS... 8383838383838... OO sce er 


aa Isolated—— -— Grouped ———————} Isolated & grouped : 
No. of Mean wt of No. of groups Mean wt of combined P for diff. 
Exp. mice granulomas,mg of 5miceeach granulomas, mg No. of means 
1 14 148.2 + 11.1t 5 118.9 + 8.6t 19 14054 8.9 <.0001 
2 21 272.9 + 12.2 6 232.8 + 9.0 27 264.0 +11.6 
Combined 35 223.0 + 13.4 11 181.0 +23.5 <a. Qo 


* P values determined by analysis of variance using mean values for each cage as unit of measure- 


ment. 
+ + stand. error. 


t If individual values for weights of the granulomas for each mouse are used rather than the means 
of the groups, P value for the difference of the means of granuloma weights for crowded vs segregated 


mice becomes <.005. 


21 segregated and 6 groups of 5 each in the 
second experiment (Table II). Unless other- 
wise noted, only the mean value for each group 
was used for statistical evaluation. 

Results. The results of experiments on the 
effect of crowding on weights of experimen- 
tally induced granulomas in mice are sum- 
marized in Table II. There were significant 
differences between crowded and segregated 
mice and between experiments in mean 
weights of granulomas (Table II). However, 
in each experiment the weight of granu- 
lomas from the crowded mice was significantly 
less (P<0.05 and P<0.01 respectively) than 
from the segregated mice. For the combined 
experiments mean weight of granulomas from 
crowded mice was 18.8% (P<0.05) less than 
that from segregated mice. 

In addition to differences in weights of gran- 
ulomas between crowded and segregated mice, 
it was noted that the inflammatory reaction in 
segregated mice was usually more discrete and 
clearly circumscribed than in crowded mice. 

Mean body weight of segregated mice (27.5 
g) did not differ significantly from that of 
crowded mice (27.6 g) at the end of the ex- 
periment. 

Discussion. Crowding clearly had a sup- 
pressive effect on granuloma formation in mice 
in these experiments. This, together with the 
known anti-inflammatory action of adrenal 
glucocorticoids(6,7) and the positive correla- 
tion between adrenal weight and population 
density in mice(1-4), supports the hypothesis 
that there is a sufficient increase in adrenocor- 
tical activity as a result of crowding to depress 
inflammation. It is distinctly possible that 


increased adrenocortical activity may be re- 
sponsible, at least in part, for decreased resis- 
tance to disease commonly found in popula- 
tions of high density(13). 

In a parallel series of experiments Davis 
and Read(17) have shown that crowding in- 
creased the ability of Trichinella to invade the 
intestinal wall of mice. These experiments are 
of interest because ability of this parasite to 
penetrate the intestinal wall depends on de- 
gree of the hosts inflammatory response to it 
(17). Increased penetration following crowd- 
ing presumably resulted from depressed in- 
flammatory response; so that these results are 
in accord with those reported here on granu- 
loma formation. 

Depression of inflammation in both series 
of experiments is believed to be due to in- 
creased glucocorticoid activity, although con- 
clusive proof remains to be obtained. In any 
event, the fact that increased population den- 
sity decreases resistance to infection by de- 
pressing normal defenses, such as inflamma- 
tion, has obvious importance for epidemio- 
logical studies. 

Summary. 1) Granulomas were induced 
subcutaneously by 5 mg pellets of cotton wet 
with turpentine in 90 male albino mice. 
Thirty-five of these mice were segregated, 55 
were in groups of 5 each. Granulomas of 
grouped mice weighed 19% less than those of 
segregated mice. These results were inter- 
preted to mean that crowding increased 
adrenocortical activity sufficiently to have a 
suppressive effect on inflammation. 2) Granu- 
lomas were induced in rats with cotton and 
cotton plus turpentine. Cotton plus turpen- 
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tine approximately tripled the weights of the 
induced granulomas over those resulting from 
cotton alone. 
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G. D. Hstunc (Introduced by R. H. Green) 
Section of Epidemiology and Preventive Medicine, Yale University, School of Medicine, 
New Haven, Conn. 


It has been reported(1,2) that kidney cells 
from various monkey species had different de- 
grees of susceptibility to enteric viruses, and 
host cell range was suggested as a useful 
screening procedure for grouping certain vi- 
ruses and facilitating their identification. Re- 
cently this study has been extended to include 
the susceptibility of kidney cells from non- 
primates to a variety of enteric viruses iso- 
lated from man and animals. The present re- 
port is concerned with ECHO-10 virus which 
behaves differently from all other entero- 
viruses that were tested in its ability to grow 
in non-primate as well as primate tissue cul- 
tures. Similar results have been found only 
with certain enteroviruses isolated from ani- 
mal species other than man. 

Material and methods. A. Tissue culture. 
Kidneys were obtained from the following: 
1) Primates: rhesus (Macaca mulatta), patas 
(Erythrocebus patas) and capuchin (Cebus 
capuchinus) monkeys. 2) Domestic animals: 
swine, cat, dog, and calf. 3) Laboratory ani- 
mals: rabbit and guinea pig. All kidneys were 
decapsulated aseptically and trypsinized by 
the method of Rappaport(3). The trypsin- 


* Aided by a grant from the National Foundation. 


ization fluids were centrifugated and the 
packed cells resuspended in growth media 
containing Hanks’ salt solution, 0.5% lactal- 
bumin hydrolysate and various amounts of 
calf serum, depending upon the animal spe- 
cies used. Details of the preparation of the 
different monolayer cultures will be published 
separately. B. Virus strains: The strains 
used were rhesus monkey kidney culture pas- 
sage materials, and included the following: 
Poliovirus types 1, 2, 3; Coxsackie virus A-9, 
B 1-5; ECHO virus types 1-14,** ECMO (en- 
teric cytopathogenic monkey orphan) virus 
(2) groups A 7853, SVe3t; Group B SVict; 
Group C SV¢t; ECBO (enteric cytopatho- 
genic bovine orphan) virus? isolated by Moll 
and Finlayson(4). All ECHO-10 virus titra- 

t SVo, SV, 4) SVg virus strains were made available 
by Dr. R. N. Hull, Lilly Research Laboratories, In- 
dianapolis, Ind. 

t+ ECBO virus was supplied by Dr. T. Moll, State 
College of Washington, Dept. of Veterinary Micro- 
biol., Pullman. 

** All strains used were the prototype suggested by 
the ECHO viruses Committee (Science, 122 (3181): 
1187-1188, 1955) except ECHO virus types 3 and 9. 
In these instances the Berardi and Bourn strains were 
respectively used. 
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TABLE I. Cytopathie Effect of ECHO-10 and Other Enteric Viruses in Kidney Cultures Derived from 
; Different Animal Species. 
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* All strains used were the prototype suggested by the ECHO viruses Committee (Science, 122 
(3181): 1187-1188, 1955) except ECHO virus types 3 and 9. In these instances the Berardi and Bourn 


strains were respectively used. 


tions and neutralization tests were made in 
tube cultures of patas monkey kidney cells. 
Antiserum was obtained from rabbits im- 
munized with the prototype ECHO-10 (Lang 
strain) virus. Neutralization tests were per- 
formed by mixing 0.5 ml of virus samples con- 
taining approximately 100OTCD;» with 0.5 ml 
of antiserum at different dilutions; the mix- 
tures were incubated at room temperature for 
one hour before inoculation of culture tubes, 
3-4 per dilution. 

Results. A summary of comparative sus- 
ceptibility of primary kidney cultures derived 
from different animal species to ECHO-10 
virus as well as to other enteric viruses iso- 
lated from man and animal is shown in Table 
I. ECHO-10, unlike any of the other human 
enteric viruses, grew well in cultures derived 
from the 3 monkey species tested, as well as 
swine, cat, dog, guinea pig, and to some extent 
rabbit and calf. A similar host cell range 
was found for group A ECMO virus, and the 
ECBO strain of Moll. 

In primate kidney cultures from patas and 


rhesus monkeys, ECHO-10 produced a differ- 
ent type of degeneration than other entero- 
viruses. Similar observations have been re- 
ported by Ramos-Alvarez and Sabin(5) for 
this agent in cynomolgus monkey kidney cul- 
tures. Although the cytopathic effect (CPE) 
was distinct in both rhesus and patas cultures 
in fluid medium, no plaques were obtained 
from monolayers of either species under agar. 
ECHO-10 was thus the only one of the entero- 
virus group (poliovirus types 1-3, Coxsackie 
virus A-9, B 1-5, ECHO virus types 1-14), 
that caused readily recognizable destruction 
of patas cells but was unable to produce 
plaques. In addition, capuchin kidney cul- 
tures were found susceptible only to ECHO- 
10 among the enteroviruses tested, as observed 
previously (6). 

In non-primate kidney cultures, ECHO-10 
caused CPE in all species tested (Table I). 
Figs. 1-4 show the typical changes in infected 
cat and guinea pig cultures. Similar changes 
with this agent in swine kidney cultures have 
been noted by Guerin and Guerin(7). Virus 
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titers obtained from non-primate kidney cul- 
tures (ranging from 10* to 10*°TCDs5, per ml, 
7-9 days after inoculation) were essentially 
the same as those of the primate cultures when 
titrations were made in patas monkey kidney 
cell tubes. The identity of the 3rd passage 
in guinea pig and the 4th passage in cat cul- 
tures was established by neutralization tests 
which indicated that these materials were an- 
tigenically indistinguishable from prototype 
rhesus passage ECHO-10 virus. 

Discussion. Since ECHO-10 did not pro- 
duce plaques either on rhesus or on patas 
monolayers, this virus was earlier placed in 


389 


a Cae as culture eA (7 days old). 

. Cat kidney culture + ECHO-10 (first cat passage material) 13 days after inoculation. 
. Guinea pig kidney culture control (12 days old). 

. Guinea pig kidney culture -+ ECHO-10 virus 5 days after inoculation. 


Group A of the ECHO viruses(2), even 
though distinct cytopathic changes were ob- 
tained in patas cultures. A similar failure to 
produce plaques in spite of cytopathic capa- 
bilities was also noted in ECMO virus of the 
Group A strains(2) and the adenoviruses 
tested (types 1 and 2) (to be published). It 
is noteworthy that in addition to these bio- 
logical characteristics in primate cultures, the 
ability of ECHO-10, ECMO Group A and 
adenoviruses to produce CPE in non-primate 
kidney cells is also common to all. 

As suggested by the Enterovirus Commit- 
tee(8), if the term ECHO is to be used as 
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more than a temporary repository for viruses 
awaiting identification, ECHO-10 probably 
should be classified elsewhere. The features 
which distinguish it from others in the ECHO 
group are its large size, its distinctive cyto- 
pathogenic effect, and the disease with which 
the virus has been associated. In addition, 
the host cell range of ECHO-10 has been dem- 
onstrated to differ from those of the other en- 
teroviruses. Its ability, in common with cer- 
tain animal viruses, to multiply in non-pri- 
mate kidney cultures may furnish a clue for 
the classification of these viruses with regard 
to their origin and evolutionary development. 

Summary. A comparative susceptibility 
study of kidney cultures derived from _pri- 
mates and non-primates, indicates that 
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ECHO-10 virus has distinctive biological 
characteristics which differentiate it from the 
other human enteroviruses. 
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W.E. Macre, M. R. SHEEK, B. P. SActk (Introduced by R. W. Heinle) 
Divisions of Chemical Research and Biological Research, The Upjohn Co., Kalamazoo, Mich. 


Recent publications(1,2) have noted the 
deleterious effects of trypsinization as a 
means of harvesting cells. Our own experi- 
ence with HeLa cells and first passage chicken 
embryo cells has extended these observations. 

Methods. HeLa cells were grown in a me- 
dium (HLCa) consisting of Hanks’ balanced 
salt solution(3) plus 0.5% lactalbumin hy- 
drolysate and 20% calf serum under an at- 
mosphere of 8% COs in air. Chick embryo 
fibroblast cells were grown in 60 ml of HLCa 
+ 2mM/ml glutamine and vitamins (Micro- 
biological Associates Inc.) in stoppered Roux 
bottles at 37°C. The cell monolayers were 
washed 3 times with Hanks’ balanced salt so- 
lution and harvested by one of the following 
methods: a. 5 ml of 0.25% Bactotrypsin 
(Difco) solution was added to each bottle for 
5-10 minutes to lift the cells. b. The cells 
were washed with Puck’s saline(4) and 5.0 ml 
of 0.01% recrystallized trypsin in Puck’s sa- 
line was added to each bottle to lift the cells. 
c. 5 ml of Hanks’ balanced salt solution was 
added to each bottle and the cells scraped 
with a rubber policeman. d. 5 ml of alcohol: 


* Grateful acknowledgement is made of the tireless 
assistance of R. M. DesArmier and R. W. Sodergren. 


ether (3:1) was added to each bottle and the 
denatured cells removed by scraping. The 
cells from each treatment were subsequently 
heated in alcohol:ether to extract lipid ma- 
terial. The cell residue was dissolved in 1 N 
KOH at 37°C(5) and analyzed for protein 
(6), RNA(7) and DNA(7,8,9) by colori- 
metric methods. A comparison was made of 
the damage to the cells harvested by scraping 
or trypsinization by vital staining with 0.01% 
neutral red and by determination of the ef- 
ficiency of replating the cells(10). The cells 
were diluted in HLCa medium to give 100 
cells/ml. One ml of these cells were plated in 
90 mm petri dishes in 10 ml HLCa and the 
colonies counted after 14 days. 


Results. Significant protein losses were 
noted with trypsinization. However, ex- 
tremely high efficiencies of replating were ob- 
tained from those single cells lifted by trypsin, 
while scraping resulted in damage and low via- 
bility to single cells. Small clumps of cells 
that resulted from the scraping procedure 
stained with neutral red and were capable of 
growth and division (Table I). 


The leakage of protein and free amino acids 
of the cells during harvest was investigated 
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TABLE I. Influence of Harvest Conditions on HeLa Cells, 
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Protein, RNA, DNA were determined by micromodifications of the Folin-Ciocalteu method 
(6), oreinol method(7) and diphenylamine reaction with acid precipitated DNA(7,8). Percent 
viability was determined by counting those cells taking up dye in 0.01% neutral red in balanced 
salt solution and by plating by the procedure of Puck(10). The table summarizes 4 experiments. 

* Relative to alcohol : ether treatment (d), per cell. 

+ Counting includes both single cells and those in clumps. 

+ Lowered efficiency is exaggerated by clumps being counted as progenitors of a single col- 


ony. Most clumps consisted of 3-6 cells. 

ing. 
with chick fibroblast cells. The cells were 
grown in complete medium in bottles in the 
presence of either cystine-S*° or randomly la- 
beled glutamic acid-C' to obtain labeled cel- 
lular protein. In the experiment with glu- 
tamic acid-C'* the tracer was added at various 
times during growth of the cells to determine 
if protein synthesized early was more or less 
susceptible to the action of trypsin than that 
synthesized late in the growth period. The 
cells were washed and harvested by the meth- 
ods described above. Total radioactivity in 
the cells was obtained by summing that found 
in the harvest solution, first wash, alcohol- 
ether extract and total alkaline digest (Table 


Thus there was nearly 100% efficiency of clump plat- 


II). Sixty-five percent of the S®*° that was 
taken up by the cells in the period of growth 
between 48 and 72 hours was removed by 
trypsin, while scraping liberated 48% of the 
total. The cells receiving C'™ glutamic acid 
at the beginning of their growth period showed 
a 24% loss upon harvest with trypsin (method 
a) and a 17% loss with .01% trypsin in 
Puck’s saline (method b). Similar results 
were obtained whether the cells were labeled 
with glutamic-C" early or late in their growth. 
From 50 to 80% of the leaked radioactivity 
could be precipitated with perchloric acid and 
was probably protein. Both harvest methods 
liberated isotope far in excess of that which 


TABLE II. Leakage of Isotope from Chick Fibroblast Cells during Harvest. 


% loss into harvest solution and 1st wash 


Scraping into 
Hanks’ BSS 


Hours receiv- 
ing isotope 


Bactotrypsin 
in Hanks’ BSS Puck’s saline 


Recrystallized Bactotrypsin 
trypsin in in 
Puck’s saline 


Glutamie acid-C™ 


0-—42* 39 
0-34 30 
34-42 30 
34-48 42 
Cystine-S® 
48—72t 48 


24 
24 
36 
34 


U7: 
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Glutamie acid-C“ was added to each bottle for the indicated period. Cell sheet was washed 3 
times with appropriate salt solutions at 48 hr and the cells harvested. Cystine-S® was added to 
each bottle at 48 hr. Cell sheets were washed with Hanks’ salt solution and harvested at 72 hr. 


Each bottle contained 5.2 * 107 cells. 
* Maximum loss from additional wash, 4%. 


+ Maximum loss from additional wash, 8%. 
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would be expected from an additional wash 
of the cells. There was less loss when the 
cells were lifted with trypsin in Puck’s saline 
containing no divalent ions (perhaps due to 
the shorter exposure necessary). Differences 
between colorimetric and isotopic data may 
reflect differences in the cells used and/or dif- 
ferent sites damaged. Scraping can be ex- 
pected to conserve extracellular material, 7.e. 
cementing matrix, while causing damage to 
individual cells. Trypsinization may remove 
such extracellular material as well as alter the 
cells’ permeability. This latter change must 
be reversible in many cases, however, as such 
cells are capable of dividing, whereas individ- 
ual cells damaged by scraping can no longer 
do so. This loss of metabolic products could 
assume considerable importance in studies of 
cellular metabolism with isotopes. 


Summary. HeLa cells and chick embryo 
fibroblasts were grown on glass and harvested 
under various conditions. Trypsinization and 
scraping were each compared with alcohol- 
ether denaturation. Trypsinization was found 
to be less efficient as a means of obtaining 


material for chemical analysis although less 
damaging to cell viability than scraping. Al- 
cohol-ether denaturation in situ was the pre- 
ferred means of harvesting cells for chemical 
analysis. 
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Anti-heart Serum and Reactivity of Different Cell Types in Tissue Culture.* 
(24361) 


Harrison Latrat (Introduced by S. C. Madden) 
Dept. of Pathology, School of Medicine, University of California, Los Angeles 


This report presents information regarding 
specificity of antisera and reactivity of cell 
types studied in tissue culture, to clarify the 
cellular mechanisms involved in the immedi- 
ate hypersensitive reaction. In other work an 
antiserum to chick embryo heart cells was 
produced in guinea pigs and the cytologic re- 
actions of chick heart fibroblasts in tissue cul- 
ture to this antiserum were studied with phase 
(1) and electron microscopy(2). Antiserum 
was active at high dilutions, heat-labile, com- 
plement-like factors were necessary for its 


* This work was supported by research grant from 
Nat. Heart Inst., U. S. P. H. S. 


t Technical assistance was performed ably by Mrs. 


Marie Roy Welsh. 


immediate cytotoxic actions, and it was inac- 
tive against mouse fibroblasts. Cortisol (17- 
hydroxycorticosterone) did not inhibit this 
cellular reaction. In the present report fur- 
ther evidence for species specificity and for 
lack of organ or cell type specificity of the 
antiserum is presented. 


Methods. Fibroblasts and epithelial cells 
were grown in tissue culture by modification 
of methods previously used(1). The follow- 
ing nutrient solution was used after several 
were tried: human cord serum (Difco), 35%; 
chick embryo extract, 15%; and Hank’s bal- 
anced salt solution, 50%. The cells were 
tested as before(1) with the exception that 
fresh normal guinea pig serum was added reg- 
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ularly to maintain complement activity. Ring 
tests were used also in the attempt to demon- 
strate precipitins. Passive sensitization was 
attempted in several ways. 1) HeLa cells 
were exposed to chick embryo extract, washed, 
and then exposed to the antiserum. 2) HeLa 
cells were exposed to antiserum first and then 
to the embryo extract. 3) Chick embryo 
heart fibroblasts were exposed to bovine se- 
rum albumin, washed, and then covered with 
an antiserum which had been prepared by in- 
jecting guinea pigs with bovine serum albu- 
min mixed with Freund adjuvants. The last 
procedure is known to produce high antibody 
levels(3), and the animals showed immediate 
skin reactions when tested with the protein 
alone. Attempts to grow capillary endothel- 
ium from chick bone marrow by the method 
of White and Parshly(4) were unsuccessful, 
as were attempts to grow smooth muscle from 
chick embryo intestine. 


Results. The antiserum was quite stable, 
remaining active over 2 years when kept 
frozen and tested with fresh normal serum, 
but it lost activity in 2 months when diluted, 
even though kept frozen. Precipitating anti- 
bodies were not demonstrated. This confirms 
other evidence(5) that cytotoxic activity does 
not correlate necessarily with precipitating 
antibody. 

Fibroblasts from chick embryo spleen and 
liver reacted with the antiserum as well as did 
chick heart fibroblasts. Epithelial cells from 
the intestine also reacted, demonstrating an 
antigenic similarity to heart fibroblasts. Like 
mouse fibroblasts, malignant human ept- 
thelium (HeLa cells) showed no reaction. 
This suggests that the antiserum is species 
specific. 

Determination of conditions for passive sen- 
sitization outside the body of one or more cell 
types would aid greatly in understanding hy- 
persensitive disease processes in the body. 
Failure to inhibit growth of cells from ana- 
phylactically sensitized animals by exposing 
these cells to the sensitizing antigen in tissue 
culture had led Rich(6) to suggest that im- 
mediate hypersensitive reactions were medi- 
ated by endothelial and smooth muscle cells 
—2 types which could not be grown easily in 
tissue culture. However, considerations of the 
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pathogenesis of rheumatic valvulitis, based 
upon evidence that mitral valve fibroblasts 
could take up foreign proteins(7), suggested 
that hypersensitivity might be passively trans- 
ferred to other body cells if the proper con- 
ditions for adsorption of antigen or antibody 
on the cell surface could be found. This con- 
cept was strengthened by the production of an 
immediate hypersensitive reaction in isolated 
fibroblasts(1). Passive sensitization, in ef- 
fect, has been demonstrated for isolated red 
blood cells(8). Passive sensitization of tis- 
sue complexes has been amply demonstrated 
in the body and in the Schultz-Dale bath. 

When HeLa cells were exposed to chick an- 
tigen and then to antiserum, no reaction was 
noted. If the cells were exposed to the anti- 
serum first and then to the antigen, only a 
transitory change in cytoplasm of some cells 
was noted. Perhaps low solubility of a com- 
plex antigen interfered with the results. After 
exposure of fibroblasts to purified soluble bo- 
vine serum albumin and then to specific anti- 
serum, only slight cytoplasmic retraction was 
found. 

This failure to obtain a well marked reac- 
tion stimulated efforts to determine the con- 
ditions for passive sensitization of endothelium 
or smooth muscle when isolated in tissue cul- 
ture. Unfortunately several attempts to grow 
these cell types were unsuccessful. 

Summary. 1) Further evidence for species 
specificity and for lack of organ or cell type 
specificity of an antiserum to chick embryo 
heart cells has been obtained from tissue cul- 
ture studies. 2) Passive sensitization of cells 
in tissue culture could not be adequately dem- 
onstrated and attempts to test the reactivity 
of endothelium or smooth muscle were un- 
successful. 
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Inhibition of Growth of Microorganisms by Benzimidazoles.* 


BENZIMIDAZOLES AND GROWTH OF MICROORGANISMS 
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Heven B. Funxt anp HEetene A. NATHAN (Introduced by Phoebe J. Crittenden) 
Department of Botany, Barnard College, Columbia University and Haskins Laboratories, N. Y. City 


In microorganisms utilization of adenine or 
guanine is competitively antagonized by ben- 
zimidazole(1). The nucleotide moiety of Vit. 
By. contains 5,6-dimethyl benzimidazole, and 
analogs of B;. may contain other benzimida- 
zoles, purines, or triazoles(2). Certain sub- 
stituted benzimidazoles inhibit growth of bac- 
teria that require Vit. Bio, e.g., Lactobacillus 
lactis(3), L. leichmannii, and mutants of Es- 
cherichia coli(4). Indeed, inhibition of a 
mutant of E. coli by 4-nitrobenzimidazole or 
mercaptobenzimidazole can be reversed by 
Vit. By2(4). The relation between benzimi- 
dazole inhibition and B,. metabolism should 
be studied with organisms whose specificity 
toward By» is more rigid than that of these 
bacteria in which the B;. requirement can be 
by-passed with desoxyribosides or methionine. 
This paper is concerned with benzimidazole 
inhibition of growth of 2 algae which have the 
more specific By. requirements and also of 
some gram negative bacteria that synthesize 
Bio. 

Methods. For Euglena gracilis, strain Z, 
the media used for maintenance, vitamin de- 
pletion, and experimental studies were those 
used by Hutner ef al.(5) for assay of By. 
Ochromonas malhamensis was maintained in 
the medium of Hutner e¢ a/.(6) and grown for 
experiments in a By. assay medium(6). AI- 
gal cultures were incubated in the light at 25- 
26°C. Rhizobium species were maintained 
on yeast extract mannitol agar [medium 79 in 
(7) | in which Difco yeast extract, 0.5%, re- 
placed yeast water; experimental cultures 


* Aided by National Science Foundation grant, 
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were grown aerobically at 30°C in mannitol, 
1.0; Difco yeast extract, 0.5; KsHPO,, 0.05; 
MgSO, - 7H2O, 0.02; NaCl, 0.01; CaCle - 
2H20O, 0.0025; FeCls * 6H2O, 0.001 (all g/ 
100 ml medium). The 2-ethyl-5-methyl ben- 
zimidazole,+ 5-methyl benzimidazole and ben- 
zimidazole were dissolved in absolute ethanol 
or acetone and added to media before auto- 
claving. Growth of cultures is expressed as 
optical density. 

Results. Benzimidazole at 5 x 10°M con- 
centration inhibited growth of E. gracilis 
(Fig 1) and O. malhamensis (Table I), both 
of which require Bis, and of 4 Rhizobium 
species (Table I), all of which synthesize By». 
(8,9). This inhibition may, of course, be ex- 
plained as due in part to interference with the 
utilization of purines though the results of 
Scott et al.(4) with Escherichia coli mutants 
imply that the purine site may be only of sec- 
ondary importance. 

The effects of 2-ethyl-5-methyl benzimida- 
zole on growth of FE. gracilis (Fig. 2) and O. 
malhamensis (Table I) appeared to be the 
same as those of benzimidazole. However, the 
rhizobia were more sensitive to 2-ethyl-5- 
methyl benzimidazole; they were inhibited by 
this drug at concentrations similar to those 
that inhibit synthesis of heme (Table I). The 
sensitivity of these bacteria to this drug is of 
interest because(11) the rhizobia are involved 
somehow in production of leghemoglobin in 
the root nodules of leguminous plants. O. mal- 
hamensis was more sensitive to a third com- 
pound, 5-methyl benzimidazole, than to either 
benzimidazole or the 2-ethyl-5-methyl deriva- 
tive (Table I). 

E. gracilis can utilize as a substitute for Vit. 


+ Generously contributed by Dr. D. Hendlin, Merck 
and Co. 
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TABLE I. Inhibitory Concentrations of Benzimidazoles in Some Biological Systems. 


Cone. of fo 
compound inhibition 
Compound System (X 10m) — of system Ref. 
Benzimidazole yrowth 
Euglena gracilis 5 100 
Ochromonas malhamensis 5 Ad 
Rhizobium meliloti 5 J 
x trifolit 5 4 
“ leguminosarum 5 
japonicum 5 ¥ 
Escherichia coli 3* 50 14 
Streptococcus lactis R 6* 14 
Saccharomyces cerevisiae 5.5 100 14 
Endomyces vernalis 2.5* 50 14 
Vaceinia virus 8.5* t 15 
Poliomyelitis virus 4.2* t 16 
Influenza virus 3.5 75 17 
Heme synthesis 
Avian red blood e¢ells 8.5 100 10 
2-ethyl-5-methyl benzimidazole Growth 
Euglena gracilis 5 100 
Ochromonas malhamensis 5 ts 
Rhizobium meliloti 1 z 
“4 trifolii 1 3 
¥ leguminosarum 2 a 
y? japonicum 5 s 
Influenza virus 18 75 i 
Heme synthesis 
Avian red blood cells .6—.9 100 10 
5-methyl benzimidazole Growth 
Ochromonas malhamensis 45 100 


* Calculated from data given in references cited. 
t The % inhibition is not clear from the data given in the reference. 


By» a variety of B;2 analogs which differ with 
respect to the benzimidazole moiety(12), but 
benzimidazoles alone are toxic (Fig. 2). O. 
malhamensis utilizes, as do chicks, By. ana- 
logs in which benzimidazole or 5-methyl ben- 
zimidazole constitute the benzimidazole moi- 
ety(12), but, here too, these benzimidazoles 
by themselves are toxic (Table I). Neither 
O. malhamensis (Table II) nor E. gracilis was 
able to substitute factor B plus benzimidazole 
or 5-methyl benzimidazole for Vit. Byi2: the 
organisms were not able to manufacture a By» 
analog which they could utilize even if given 
all the parts. 

Apparently a benzimidazole can attack a 
site which can be influenced by Vit. By». Evi- 
dence for such a relationship was obtained in 
growth experiments with Z. gracilis in which 
concentrations of Vit. By. and benzimidazole 
were varied. Inhibition by benzimidazole 
was not competitive (see e.g. Fig. 1). Rather, 


when the ratio of inhibitor: vitamin was 10°: 
1 there was a relation of growth to amount 
of vitamin in the medium which could be ex- 
pressed as a straight line (Fig. 3). This re- 
lation maintained only when the amount of 
the vitamin in the medium was limiting and 
when the growth response to the vitamin was 
linear. 

The similarity of inhibitory levels of the 
benzimidazoles in a variety of biological sys- 
tems (Table I) points to some basic sites 
common to these diverse systems. Abbott 
and Dodson(13) suggested that nucleic acid 
or nucleoprotein is involved. That the mech- 
anisms are complex is apparent from the re- 
lations expressed in Fig. 3. 

Summary. Benzimidazole and 2-ethyl-5- 
methyl benzimidazole inhibited the growth of 
2 Bio-requiring algae, Euglena gracilis, strain 
Z, and Ochromonas malhamensis, and of 4 
By»-synthesizing bacteria, Rhizobium meli- 
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FIG. 1. Inhibition of growth of Euglena gracilis 
by benzimidazole in the presence of the following 
concentrations of vit. Biz; X——xX, 1X 10™ m; 
fe, 1X 10> az; A—A, 5 X 10 115. ©—O© 
On ene 

FIG, 2. Inhibition of growth of E. gracilis by 2 
benzimidazoles in presence of 7.4 X 107 wm vit. By 
(100 myg/1). O—-O, benzimidazole; X——X, 2- 
ethyl-5-methyl benzimidazole. 


loti, R. trifoliti, R. leguminosarum, and R. 
japonicum. Benzimidazole inhibition was 
complete at 5 x 10°M concentration. The 2- 
ethyl-5-methyl compound inhibited the algae 
at 5 x 10°M concentration; rhizobia were 
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TABLE II. Inability of Factor B plus Benzimida- 
zoles to Satisfy the By Requirement of Ochromonas 
malhamensis. 


Noad- By,10.0 
ditions myg % 


Factor B (1.0 mg %) 


No additions .09* Os 
Benzimidazole 1 ug %o 09 1.76 
(ees 2 1.28 

NOC Siti 1.22 

1OOLO 7 10 1.42 

10mg % .09 1.43 

5-methyl benzimida- .1 wg % .08 1.01 
zole i Oe re .84 
LOL0" ie .92 

10050: 2 v2 1.00 

10mg % os 1.16 


* Growth expressed as optical density units. 


more sensitive. Although benzimidazole in- 
hibition of E. gracilis was not competitive, 
there was, at a 10°:1 ratio of inhibitor to vita- 
min, a relation to amount of growth which 
could be expressed graphically as a straight 
line. 


OPTICAL DENSITY 


lo“? 5xio~!2 to“ 
MOLAR CONG. OF ‘Biz IN MEDIUM 
FIG. 3. Growth response of Euglena gracilis to vit. 


Biz (X——xX) and when the ratio of benzimidazole 
to vit. Bis is 10°:1 (O——O). 
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Thyroid-Specific Autoantibodies Studied by Passive Cutaneous Anaphylaxis 


of Guinea Pig.* 


(24363) 


ZOLTAN Ovary, Harry RANDALL,t ERNEST WITEBSKY, NOEL R. ‘Rose, 
SIDNEY SHULMAN, AND RICHARD METZGAR} 
Dept. of Microbiology, Johns Hopkins University and of Bacteriology and Immunology, ~ 
University of Buffalo School of Medicine 


Thyroid-specific autoantibodies in animals 
have been demonstrated serologically by 
tanned cell hemagglutination, complement fix- 
ation, and precipitation technics(1,2,3.) Sub- 
sequently, circulating thyroid-specific auto- 
antibodies in sera of patients suffering from 
chronic thyroiditis have been demonstrated 
by tanned cell hemagglutination (3,4) and pre- 
cipitation(4,5,6) technics. Additional discus- 
sions have appeared(7,8,9,10). The present 
study reports detection and specificity of thy- 
roid-specific autoantibodies by the method of 
passive cutaneous anaphylaxis of the guinea 
pig (PCA). 

Materials and methods. Antisera. The fol- 
lowing sera were studied by the PCA technic: 


* This work was supported in part by the spon- 
sorship of the Comm. on Cutaneous Diseases, Armed 
Forces Epidemiological Board, and of the Office of 
the Surgeon General, and in part by a Research 
Grant, from the Nat. Cancer Inst., P.HS.(C-2357). 

t Research Fellow of P.H.S. 

t+ Public Health Service Research Fellow, 
Cancer Inst. 


Nat. 


rabbit anti-rabbit thyroid, guinea pig anti- 
guinea pig thyroid, and.sera from patients 
with chronic thyroiditis. | All these sera con- 
tained circulating antibody of high titer 
against the homologous antigen, as demon- 
strated by tanned cell hemagglutination. The 
procedure: for animal immunization has been 
described(1). Antigens. Crude saline ex- 
tracts were prepared by procedures previously 
described(11,12). The extracted organs (and 
extract concentrations in mg N/ml) included 
rabbit thyroid (2.5),$ guinea pig thyroid 
(0.92),§ human thyroid (7.8),) beef thyroid 
(12.1), hog thyroid (10.4), human pancreas 
(3.6), human kidney (4.8), and beef muscle 
(1.7) Partially purified by human thyroid 
material (5.0 mg N/ml) was prepared by 
precipitation with sodium sulfate in a pro- 
cedure similar to that of Heidelberger and 
Palmer(13), but omitting the preliminary 
acidification. This material was used only as 


§ Based on determination of protein by light ab- 
sorption and an arbitrary conversion factor for nitro- 
gen of 6.0. 
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challenging antigen. A more highly purified 
preparation of human thyroglobulin (300 pg 
N/ml) was made by a potassium phosphate 
procedure(14).|| This purified thyroglobulin 
was used only for the absorption experiments. 
Other antigens and test materials included 
packed washed human erythrocytes (equal 
amounts from groups A, B, and O, all Rh posi- 
tive, 3,5-diiodo-L-tyrosine (Eastman Kodak 
Co.), DL-triiodothyronine,J and DL-thyrox- 
ine.1 PCA technic. Dilutions of serum (0.1 ml) 
were injected intradermally at various sites in 
shaved dorsal skin of albino guinea pigs, weigh- 
ing 200-250 g. Several injections were made 
in the same animal. After a latent period of 
3 to 5 hours, the animal was challenged intra- 
venously with 0.5 ml of the antigen dilution 
mixed with 0.5 ml of a 1% Evans blue solu- 
tion. Antigen excess does not inhibit response 
in the PCA technic, therefore, in all experi- 
ments antigen was used in excess (by 10-fold) 
of the minimum amount necessary to provoke 
a reaction. Reactions became visible as blue 
spots within a few minutes after challenge. 
Animals were sacrificed 30 minutes later and 
size of colored area on internal surface of 
guinea pig skin measured. Technical details 
of the PCA technic have been described(15). 
Neutralization procedure. Neutralization ex- 
periments were performed with human thy- 
roiditis sera. The technics for these PCA 
experiments varied somewhat, depending on 
the antigen used. Samples (1 ml) of an ap- 
propriate dilution of thyroiditis serum were 
mixed with 0.1 ml of the following dilutions of 
saline extracts: human kidney (1:10), human 
pancreas (1:10), beef thyroid (1:10), hog 
thyroid (1:10), beef muscle (1:10), and hu- 
man thyroid (1:100). The quantity of hu- 
man thyroglobulin was 30 wg N. The powders 
of 3,5-diiodo-L-tyrosine, DL-triiodothyronine, 
and DL-thyroxine were added in 1 mg 
amounts to 1 ml of the dilution of thyroiditis 
serum. When human erythrocytes were used 
for absorption, 0.2 ml of packed washed cells 
was added to each 1 ml volume of the serum. 


|| We are indebted to the House Staff, Pathology 
Dept., The Johns Hopkins Hospital, for human 
thyroid glands. 

|Our thanks are due to Hoffmann-LaRoche, Inc. 
for this material. 


The organ extracts were mixed with sera im- 
mediately before intradermal injection, where- 
as dry powders were mixed with serum dilu- 
tions one hour before intradermal injection, 
and the erythrocytes mixed with serum dilu- 
tions 30 minutes before injection and removed 
by centrifugation immediately before injec- 
tion. 

Results. Four groups of experiments were 
used to demonstrate intensity and specificity 
of the reactions of various thyroid autoanti- 
bodies with homologous and heterologous thy- 
roid antigens by PCA. 

In the first experiment, guinea pigs were 
injected intradermally with various dilutions 
of the following sera; rabbit anti-rabbit thy- 
roid, guinea pig anti-guinea pig thyroid, and 
human thyroiditis, along with corresponding 
normal sera. The guinea pigs were challenged 
4 hours later with 0.5 ml of a 1% Evans blue 
solution mixed with 0.5 ml of one of the fol- 
lowing extracts: rabbit thyroid, guinea pig 
thyroid, and human thyroid. Two animals 
were tested for each antiserum dilution. The 
results are summarized in Table I. Strong 
positive results were obtained only with ho- 
mologous antigens. No cross reactions were 
obtained. Normal serum controls were nega- 
tive. The titers by tanned cell hemagglutina- 
tion are provided for comparison. 

The second experiment demonstrates the 
titer of human thyroiditis sera by endpoint 
dilution with the PCA technic. Guinea pigs 
were injected intradermally with serial dilu- 
tions of thyroiditis sera. The animals were 
challenged 3 hours later with 0.5 ml of 1% 
Evans blue solution mixed with 0.5 ml of 
either crude human thyroid sal.ne extract or 
human thyroid extract partially purified by 
sodium sulfate fractionation. Four animals 
were tested for each antiserum dilution. The 
results are summarized in Table II. Both 
sera gave skin reactions in dilution of 250. 
The 2 antigens produced identical results. An 
additional 3 sera showed a variable range of 
titers. 

In a third experiment, the specificity of 
the reaction of the 5 thyroiditis sera with vari- 
ous antigens was examined. Four groups of 
4 guinea pigs each were injected with human 
sera mentioned in Table II, in dilution 10 
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TABLE I. PCA Reactions of Thyroid-Specifie Autoantibodies. 


Challenging antigen 


Rabbit Guinea pig Human 


thyroid 
Intradermal inj. extract 
Rabbit anti-rabbit thyroid #690 38 
(undiluted) 
Rabbit anti-rabbit thyroid #690 20 
(1:100) 
Rabbit anti-rabbit thyroid #689 12 
(1:100) 
Guinea pig anti-guinea pig thyroid 0 
#89 
Human thyroiditis serum (Rog.) 0 
(undiluted) 
Normal rabbit serum (undiluted) 0 
Normal guinea pig serum (un- 0 
diluted) 
Normal human serum (undiluted) 0 


thyroid — thyroid Hemaggluti- 
extract extract Saline nation titer 
) ) 0 1:20,000 
0 0 0 1:20,000 
0 0 0 1: 2,000 
25 0 0 Ie 625 
0 25 0 1: 3,000 
0 0 0 
0 0 0 
0 0 0 


Numbers given are avg diameter for 2 animals, expressed in mm, for reaction area, 


times more concentrated than the threshold 
dilution; i.e., the greatest dilution which regu- 
larly gave a response. These dilutions were, 
respectively, 1:25, 1:25, 1:2.5, 1:10, and 
1:100. After a latent period of 3 to 4 hours 
each group of guinea pigs was challenged with 
0.5 ml of 1% Evans blue solution and 0.5 ml 
of one of the following saline extracts: human 
kidney, human pancreas, beef thyroid, or hog 
thyroid. No positive reactions were visible. 
To confirm the validity of this negative re- 
sponse, 2 of the 4 animals in each group were 
sacrificed 1 hour after the challenge for closer 
scrutiny of the skin. The conclusions were 
unaltered. The other members, however, 
were additionally challenged with 0.5 ml of 
1% Evans blue solution mixed with 0.5 ml of 
human thyroid extract purified by sodium sul- 


TABLE II. PCA Titration of Human Thyroiditis 
Sera* by Endpoint Dilution. 


Dilution of 
serum used for 


intradermal inj. Rog. 
Le, £0 21 19 
1:100 13 9 
1:250 9 12 
1:500 0 0 


Challenging antigen: Human thyroid extract. 
Numbers given are avg diameter for 4 animals, ex- 
pressed in mm, for reaction area. 

* An additional 3 human sera collected in Balti- 
more gave titers of 25, 100, and 1000, respectively. 
We are indebted to Dr. Samuel Asper of the Endo- 
erine Clinic, Johns Hopkins Hospital, for these 
sera. 


fate fractionation. Positive reactions with 
the 5 human sera were obtained in all animals 
of this latter group, thereby demonstrating 
that human thyroid autoantibodies were avail- 
able for homologous reaction only. 

The next experiment once more shows spe- 
cificity of human thyroiditis sera, utilizing 
PCA and neutralization technics. The 5 hu- 
man sera were neutralized in vitro as described 
above, again using serum dilutions which were 
10 times more concentrated than the threshold 
dilution. Each serum was injected intrader- 
mally into 4 guinea pigs. The antigens used for 
neutralization were saline extracts, as de- 
scribed above, of human kidney, human pan- 
creas, beef thyroid, hog thyroid, beef muscle, 
human thyroid, as well as purified human 
thyroglobulin, and powders of 3,5-diiodo-L- 
tyrosine, DL-triiodothyronine, and DL- 
thyroxine. An absorption experiment was 
performed with human erythrocytes. Three 
or 4 hours following intradermal serum injec- 
tion, the animals were challenged with 0.5 ml 
of 1% Evans blue solution mixed with 0.5 ml 
of human thyroid extract. The results are 
presented in Table III. Only homologous 
human thyroid extract and human thyroglobu- 
lin inhibited the reaction. No inhibition oc- 
curred with the other antigens. Some reac- 
tions were smaller but this is within the limit 
of normal variability of the reaction(16). 

Discussion. It has been shown that thy- 
roid autoantibodies, whether of human, rab- 
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TABLE III. PCA Reactions of Neutralized Human Thyroiditis Sera. 


Serum neutralized 


Rog. Cas. A-1 A-27 A-60 

Antigen used for neutralization 1:25 1:25 1:2.5 LO) 1:100 
Untreated 20 19 19 24 27 
Human kidney extract (1:10) 18 20 20 21 22 
i panereas ” (1:10) 18 16 16 20 19 
Beef thyroid extract (1:10) 18 20 20 22 25 
Hog thyroid extract (1:10) 19 MY 19 20 21 
Beef muscle extract (1:10) 17 18 18 18 22 
Human erythrocytes (AB) 18 18 18 21 24 
3,5-Diiodo-L-tyrosine (1 mg) 19 20 16 18 23 
DL-triiodothyronine (1 mg) 19 20 16 18 22 
DL thyroxine (1 mg) 20 ig 18 18 24 
Human thyroid extract (1:100) 0 . . ; 


” thyroglobulin (30 wg N) 0 


Numbers given represent avg diameter for 4 animals, expressed in mm, for reaction area. 


bit, or guinea pig origin, will give a positive 
PCA reaction when tested with correspond- 
ing homologous antigens. The highest dilu- 
tion among the 5 human sera, which still gave 
a positive response was 1/1000. Specificity of 
the autoantibodies was examined in several 
ways. Only homologous thyroid preparation 
gave a positive reaction; there was no detec- 
table cross reaction with thyroids of other 
species. The lack of such cross reaction may 
be due in part to lower sensitivity of this 
method, under these experimental conditions, 
compared with tanned cell hemagglutination, 
which does, in fact, reveal existence of auto- 
antibody cross reaction among thyroids of 
several species, as does also the method of 
complement fixation(3,17). A higher antigen 
level might well have been succesful in re- 
vealing cross reactions by PCA, but the ex- 
periments were not designed to pursue this 
point intensively. On the other hand, the 
observed lack of cross reaction with extracts 
of other organs within the same species is 
fully substantiated by hemagglutination and 
complement fixation studies(4). 

It should also be kept in mind that other 
factors may be involved in the observations 
on thyroid cross reactions. The precipitin 
studies of Stokinger and Heidelberger(18) 
showed cross reactions of 20% or more be- 
tween thyroglobulins of various species and 
their antibodies. These antibodies, however, 
were heteroantibodies—an important point of 
difference from studies reported here. Fur- 
thermore, the precipitin reactions were done 
at low temperatures for long periods of time. 


It is well known that dissociation of cross re- 
acting antibodies is much greater at higher 
temperatures, and one would not expect the 
same amount of cross reaction in vivo at 37°C 
as in vitro at O°C. In fact, it has been ob- 
served in the PCA reaction of the rat(19) 
that cross reacting antibodies are considerably 
less efficient, on a weight basis, than homolo- 
gous antibody in production of PCA reactions. 

Special precautions must be followed in 
neutralization procedures. It was observed 
in preliminary experiments that if organ ex- 
tracts were mixed with rabbit antibody to egg 
albumin and several hours permitted to pass 
before intradermal injection of this mixture, 
that PCA response to subsequent intravenous 
egg albumin was inhibited. On the other 
hand, if organ extract-antibody mixture was 
made a few minutes before intradermal injec- 
tion, this non-specific and unexpected inhibi- 
tion did not occur. For this reason organ ex- 
tracts were always mixed with sera immedi- 
ately before intradermal inoculation to avoid 
false negative responses, which would seem to 
indicate neutralization of the autoantibody. 
In spite of this short time interval, thyroid 
preparations were successful in eliminating 
subsequent responses. These observations 
serve to emphasize the almost instantaneous 
union between antibody and antigen, in con- 
trast to non-specific interactions(20,21). 

For a more precise quantitative study, not 
only will more animals be needed, but injec- 
tion sites must be randomly distributed, and 
above all, latent periods must be identical. 
The purpose of the present report was, how- 
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ever, to establish the feasibility of the PCA 
test in study of autoantibodies. 

It was seen by Snapper and Grunbaum that 
diiodotyrosine and thyroxine produced no in- 
hibition in rabbit sera containing thyroid he- 
teroantibodies(22). The fact that diiodoty- 
rosine, triiodothyronine, and thyroxine do not 
neutralize the human thyroid autoantibody 
suggests that antibody is not simply directed 
against antigenic determinants with config- 
urations similar to these substances. The fur- 
ther fact that human thyroglobulin completely 
neutralizes the antibody suggests that the an- 
tibody detected by these PCA experiments is 
directed against some other portion of the 
globulin structure. 

Summary. 1. Passive cutaneous anaphy- 
laxis of the guinea pig has been successfully 
used to study thyroid autoantibodies of rab- 
bit, guinea pig, and man. 2. The thyroid 
autoantibody proved to be specific for the 
homologous antigen (thyroid extract and puri- 
fied derivative) and did not give cross reac- 
tions with thyroid extracts of other species. 
3. Five human sera with high titer of thyroid 
autoantibody were studied. The antibody 
was completely neutralized by human thyroid 
extract or human thyroglobulin, but was not 
significantly affected by any of a variety of 
other organ extracts or of iodinated amino 
acids, again indicating the specificity of this 
type of antibody. 
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Agent in Ak Leukemic Tissues, Not Sedimented at 105,000 g, Causing 
Neoplastic and Non-neoplastic Lesions.*! (24364) 


R. F. Burrett, S. L. ComMERForD,** J. FurtH AND M. J. HUNTER 
The Children’s Cancer Research Fn., Children’s Medical Center, Dept. of Pathology and of Biological 
Chemistry, Harvard Medical School, Boston, Mass. 


Following earlier work suggesting that the 
leukemia agent of Gross(1) may be analogous 
to the transforming principle of microorgan- 
isms(2), an experiment was set up to identify 

* This work was supported by Grant of N.I.H. 


+ The co-operation of Dr. D. M. Surgenor and Dr. 
J. L. Oncley in cell fractionation is gatefully ac- 
knowledged. 

** National Science Foundation Pre-doctcral Fel- 
low. 
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the fraction of the cell which possesses viral 
activity. Ak leukemic tissues were fraction- 
ated into a) mitochondria and microsomes, b) 
nuclei, and c) supernatant fluid, and these in- 
jected into newborn mice. Unfortunately, all 
but the supernatant fluid were contaminated. 
However, the supernatant fluid resulting from 
105,000 g centrifugation, caused development 
of an amazing number and type of tumors 
and non-neoplastic changes in diverse organs, 
not seen in buffer injected and uninjected con- 
trols and in tens of thousands of Ak mice 
studied by one of us earlier, including the 
series in which newborn mice were injected 
with Ak leukemic extracts(2). 

Materials and methods. Mice. AkR and 
Rf mice were obtained from Jackson Memo- 
rial Laboratory, Bar Harbor, Me.; C3H 
(foster-nursed subline) from Dr. Ludwik 
Gross. All were bred in our laboratory. Pur- 
ina chow and water were given ad lib., and 
vegetables once a week. Breeding females were 
given hemp seed once a week, and females 
with litters bread and milk daily. Weanling 
mice also received bread and milk for an- 
other 7 to 14 days. Terramycin was given 
in drinking water when necessary to combat 
infection. Newborn mice (less than 22 hours 
old) were injected subcutaneously with 0.03- 
0.05 ml of the various materials. For identi- 
fication, the tails of mice receiving infective 
materials were ligated immediately; tails of 
control mice were left intact. Ear-marking 
and toe-clipping were done at weaning. 

Material injected. AkR leukemic tissues 
were obtained from two 7-month-old AkR 
female mice, each with spontaneous thymic 
and generalized lymphoma, and carried sepa- 
rately through 3 serial subpassages. Each 
subpassage yielded 100% takes. For frac- 
tionation, lymph nodes (excluding cervical 
nodes), spleens, thymuses and thigh tumors 
(produced by intramuscular grafts) were col- 
lected and pooled from the third subpassages. 
(Liver and brain were not included). Fresh 
leukemic tissues were passed through a 30- 
mesh steel screen and suspended in isotonic 
phosphate buffer (with calcium and antibiotic? 
added) at pH 7.4, making a 20% dilution of 


+ 400,000 U Penicillin G procaine and 30 U Strep- 
tomycin sulfate/ml of buffer. 
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tissue by weight. The suspended material was 
homogenized by the nitrogen pressure method 
of Hunter and Commerford (to be published) 
(900 lb pressure/sq. in./20 min.) 4 times. An 
aliquot of this homogenate was removed for 
injection, and the remainder subjected to ni- 
trogen pressure for a fifth time. A few drops 
of the homogenate were examined micro- 
scopically for the presence of intact cells; 
none were seen. Phosphate buffer was added 
to the homogenate to make a final 10% dilu- 
tion of tissue by weight, and the material spun 
in the International Centrifuge at 2000 rpm/ 
10 min. The supernatant fluid was removed 
and the sediment, the nuclear fraction, resus- 
pended in phosphate buffer (20% dilution). 
The supernatant fluid was placed in the 
Spinco Centrifuge (Model L) in 10 ml ali- 
quots, spun at 105,000 g for 35 minutes, and 
the final supernatant fluids collected and 
pooled. The sediment, the mitochondrial- 
microsomal fraction, was resuspended in phos- 
phate buffer (20% dilution). Materials were 
handled aseptically and kept chilled through- 
out all procedures. Fractionation was done in 
Jan. 1957. All fractions, and buffer, were 
sealed in ampoules in quantities of about 0.8 
ml and stored at —60 to —70°C. Injections 
were made during subsequent 12 months’ pe- 
riod, as newborn mice became available. 
Fractions were injected immediately after 
thawing. 

Results and comments. Pre-weaning mor- 
tality. Pre-weaning mortality was higher in 
AkR mice which received the 105,000 g su- 
pernatant fluid (63%) than in uninfected 
AkR controls (47% in buffer injected and 
32% in uninjected mice). Whether this is 
related to viral infection has not been ascer- 
tained. In Rf mice injected with 105,000 g 
supernatant fluid, pre-weaning mortality was 
28% as compared with 33% of buffer injected 
controls. In groups receiving the homoge- 
nate, mitochondrial-microsomal and nuclear 
fractions, the mortality was very high, notably 
in AkR mice (71-73%) and the fate of sur- 
vivors is included here merely for the sake of 
completeness. 


Tumors. Of 32 AkR mice injected with the 
105,000 g supernatant fluid from AkR leu- 
kemic tissues, 87.5% developed tumors of 
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various sorts at frequencies indicated in Table 
I, as compared to 5.1% in the controls. Most 
tumors occurred within 6 months. Many were 
discovered at 88-128 days of age. Of special 
interest is occurrence of similar tumors in 3 
control mice. All 3 were uninjected and caged 
in the same area of the room as the mice in- 
fected with the supernatant fluid, but were 
never in physical contact with them. This is 
an amazing finding, in view of the absence of 
similar tumors in tens of thousands of AkR 
mice studied by one of us in the past few 
decades. Another 2 saline injected AkR mice 
(controls for another series) likewise devel- 
oped salivary gland tumors. These observa- 
tions suggest that this tumor virus spreads by 
natural means. A similar conclusion has re- 
cently been reached by Sarah Stewart (per- 
sonal communication). 


Tumors also developed in 6 of 39 (15.4%) 
Rf mice injected with the 105,000 g super- 
natant fluid, and in 2 of 41 (4.9%) Rf mice 
injected with other fractions. None was noted 
in 32 controls, and in much larger numbers of 
Rf mice used in different experiments. In 
fact, their occurrence has never been recorded 
in Rf mice. 


Leukemia. Leukemia occurred in lesser 
frequency among the AkR mice injected with 
the 105,000 g supernatant fluid than among 
the controls. This is undoubtedly due to 
death of many mice by tumors before the 
“leukemia age” (most occurred within 3-6 
months). Leukemia may have been induced 
in mice receiving fractions containing par- 
ticles larger than those present in the 105,000 
g supernatant fluid, but the number of mice 
injected and incidence of leukemia under 6 
months of age were too small for definite con- 
clusions. 

Character of tumors induced. ‘Twenty-five 
AkR mice which received 105,000 g superna- 
tant fluid have been thoroughly studied histo- 
logically. Table II lists tumorous and pre- 
tumorous changes. From this, a triad of le- 
sions emerges which are almost invariably as- 
sociated: salivary gland (neck) tumors, reti- 
culum cell sarcomas of the thymus (Fig. 1), 
and adenomatoid pre-tumorous changes in 
tubules of the kidney cortex (Fig. 3). Com- 
mon, but less frequent, are non-neoplastic 


404 


PLURIPOTENT ViRUS IN AK LEUKEMIA 


TABLE II. Types of Tumors and Non-neoplastic Changes Seen in AkR Mice Receiving 105,000 g Super- 
¥ natant Fluid from AkR Leukemic Tissues. 
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Abbreviations: t = tumor; r= reticulum cell tumor; rl = reticulum cell tumor and lymphoma; 1— 
lymphoma; p = pretumorous proliferative changes; sa = sarcoma; ca = carcinoma; m = metastatic 


carcinoma. 


changes including a marked cavernous con- 
gestion of vessels, predominant in the spleen 
(Fig. 4), of the type described in the pres- 
ence of hypervolemia(3). The spectrum of 
tumors noted was, in general, similar to that 
found by Stewart et al.(4) in mice that had 
been injected with extracts of tissue cultures 
of salivary gland tumors induced by virus. 
Adrenal tumors, hemangiomas and hepatomas 
were not seen in this series. Most animals 
autopsied with tumors were underdeveloped 
and emaciated, weighing approximately 14-20 
g. Their spleens and lymphnodes were atro- 
phic. 

The same triad of changes was also seen in 
3 Rf and one AkR control mouse. We were 
not aware of these microscopic changes early 
in the course of these experiments, sections 
were not taken systematically, and lesions of 
microscopic dimensions remained undetected. 


Effect of freezing. Due to spatial limita- 
tions, it took about 12 months to complete 
the injections of fractions in newborn mice, 
during which time the fractions were kept 


frozen in sealed ampoules at —60 to —70°C. 
There was no evidence of deterioration of the 
agent in the 105,000 g supernatant fluid dur- 
ing this period. The same triad and other 
changes occurred at about the same frequency 
throughout this period of study. 


Pathology. The articles of Gross(1) and 
of others cited by him illustrate abundantly 
the character of the salivary gland and most 
other tumors. Fig. 1-4 show lesions that are 
jess well understood. Fig. 1 and 2 contrast 
the reticulum cell sarcoma of the thymus with 
the common lymphosarcoma of the thymus. 
There is this sharp biologic difference be- 
tween them: The reticulum cell tumor causes 
a marked enlargement of the thymus which 
remains circumscribed and_ encapsulated. 
Lymphosarcoma, on the contrary, is ill-defined 
and usually invades the pericardium and 
pleura causing sero-sanguineous pleuro-peri- 
cardial effusion, and extends into the sur- 
rounding tissues of the mediastinum, most 
commonly along the vertebral column. How- 
ever, reticulum cell sarcoma can metastasize 
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All sections were stained with hematoxylin and eosin. 


FIG. 1. Reticulum cell sarcoma of thymus. X 650. 
FIG. 2. Lymphosarcoma of thymus. X 900. 
FIG. 3. Hyperplastic and pre-neoplastic changes 
in renal tubules. X 100. 
' FIG. 4. Cavernous congestion in spleen. x 55. 


with formation of discrete tumor ‘nodules. 

Fig. 3 illustrates the hyperplastic and pre- 
neoplastic changes in the tubules of the renal 
cortex. Almost every section of both kidneys 
is riddled with such changes. Characteristi- 
cally, they consist of a great increase in the 
number of cells lining the tubules, with piling 
up of cells and formation of infolding in the 
dilated tubules, terminating in development 
of papillary cystadenomas. Many of these 
cells possess giant nuclei. Disseminated lym- 
phoid foci are often present, but they seem 
to be more of the hyperplastic than the leuke- 
mic type. Their relation to virus requires fur- 
ther study. Sarcomas were encountered in 
the medulla of the kidney in 2 mice. 

Fig. 4 illustrates the cavernous congestion 
of capillaries frequently seen in the spleens 
and in a few other organs of tumor bearing 
mice. Such lesions are sometimes confused 
with vascular tumors. They resemble those 
encountered with hypervolemia(3). 


Nucleic acid content of 105,000 g superna- 
tant fluid. Assay for DNA content of the 
supernatant fluid by Keck’s modification of 
the Ceriotti indole reaction method(5)_ re- 
vealed 30 pg/ml. This is a surprising finding 
in view of the known absence of DNA in the 
cytoplasm of cells(6). Assay for RNA con- 
tent of the supernatant fluid by Ceriotti’s 
method(7) revealed 295 pg/ml, which is 
within the range expected for normal cells. 
It is possible that this DNA represents con- 
tamination of the cytoplasm with nuclear 
DNA due to presumed disruption of some 
nuclei. It is also possible that the DNA is 
derived from virus residing in the cytoplasm, 
or that the level reported here may represent 
depolymerization products or DNA precursors 
rather than DNA fer se, since Keck’s method 
measures deoxyribose. 


Tumor viruses are NA complexes, and evi- 
dence is mounting that NA concentrates of 
leukemic cells have viral activity. Hays et 
al.(8) described induction of leukemia with 
NA concentrates prepared in a manner which, 
in their opinion, could not be withstood by 
known viruses. Latarjet et al.(9) have pro- 
duced multiple tumors with nucleic acid con- 
centrates derived from leukemic tissues. 

Relation of leukemia virus to tumor virus. 
The development of salivary gland and a few 
other types of tumors in mice that have been 
injected with Ak and C3H leukemic extracts 
has been reported by Gross(1) and confirmed 
by others(1). Stewart et al.(4) injected mice 
and other species with supernatant fluid of tis- 
sue cultures of salivary gland tumors, and 
noted development of a large number and 
many types of tumors. The causative agent 
was designated by them as ‘“‘polyoma virus.” 
Stewart is inclined to believe that this is the 
same virus which causes leukemia, originally 
discovered by Gross, and that in the course of 
passages and cultivation im vitro has either 
increased in concentration or changed in viru- 
lence. The following observations made by 
us support the opinion that we are dealing 
with 2 viruses, one causing leukemia, the 
other the many lesions described here and by 
Stewart et al.(4). We shall designate the 
leukemia agent as L virus, and the tumor in- 
ducing agent as P virus. In our earlier work 
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(2), Ak leukemic extract injected into a large 
number of mice produced leukemias, but no 
tumors. Salivary gland tumors are large, 
they were looked for, and it is unlikely that 
they were missed by us. Presently, we have 2 
viruses in the laboratory, and the difference 
between them is striking. In the experiments 
reported here, the 105,000 g supernatant fluid 
from Ak leukemic tissues produced tumors 
and pre-tumorous changes in 87.5% of the in- 
jected AkR animals, and no leukemias, sug- 
gestive of high concentration of the P virus. 
In parallel experiments, Dr. Jeana Levinthal 
has been injecting newborn C3H mice with 
C3H leukemic extract (originally also de- 
rived from Ak leukemia but passed by Gross 
through C3H mice) producing about 60% 
leukemias but no tumors. Presently, the re- 
lation between L and P viruses remains con- 
jectural. It is possible that P virus is a de- 
rivative of the L virus and is of smaller molec- 
ular weight, or that it is a contaminant of the 
Ak strain and is distinct from the L virus. 

Origin of P virus. Manifestations of P 
virus were absent in our Ak colony until after 
we began working with the C3H Bittner line 
of mice. The latter is known to develop 
salivary gland tumors spontaneously (Law, 
10). This suggests that the P virus was in- 
troduced by use of the C3H Bittner line, and, 
gaining virulence in the course of animal pas- 
sages, has become infective for other strains 
of mice, and, now, also for other species 
(Sarah Stewart, personal communication). In 
support of this opinion it should be empha- 
sized that such tumors appeared in 3 Ak con- 
trols in the present series, and in 2 controls in 
another smaller series not reported here indi- 
cating spread by natural means. Similar tu- 
mors have never been noted before in numer- 
ous studies carried out with Ak mice. The 
kidneys were often sectioned by us, and le- 
sions such as those described would not have 
been missed. Salivary gland tumors in Ak 
mice that had been injected with Gross .virus 

were first noted by Dulaney e¢ al.(11). 

One remarkable feature of the P virus is 
that, coupled with its high contagiousness, 
goes its property to become masked. Attempts 
were made to transplant several strains of 
salivary gland tumors (some obtained from 
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L. Gross) in well inbred mice with very poor 
success. If these neoplasms were autonomous, 
100% transplantability would be expected in 
the homozygous strains of origin (C3H or 
Ak). These findings lead us to suppose that 
the P virus is of the parasitic type(12) caus- 
ing a conditioned, and net an autonomous, 
neoplasm, becoming rapidly masked in its 
hosts. The present experiments indicate that 
enrichment or modification by cultivation in 
vitro is not*necessary to unmask the P virus. 
How it spreads under natural conditions still 
remains to be elucidated. 

If the supposition is correct that the Ak 
strain has been contaminated with the pluri- 
potent P virus, then this virus should not be 
found in laboratories which are carrying the 
original Ak strain and not C3H mice, notably 
the Bittner line. Verification of this supposi- 
tion is urgently needed; for infection, the 
105,000 g supernatant fluid from Ak leukemic 
tissues may be used. 

These developments, the outgrowth of con- 
tributions by Gross(1), have opened up many 
new avenues in tumor virus research. As a 
working hypothesis, we propose that the P 
virus is parasitic, highly contagious, has its 
own genome, and consequently is antigenic 
in the host which it infects, while the L virus 
is derived from the cell’s genome (is “cyto- 
genic,”12), is not antigenic, does not spread 
by natural means, and its “infectivity” is 
analogous to that of the pneumococcus trans- 
forming principle, possibly a mere laboratory 


phenomenon. 
Summary. 1) Supernatant fluid from 105,- 
000 g centrifugation of Ak leukemic tissues 


caused a multiplicity of tumors and a variety 
of non-neoplastic lesions in 87.5% of AkR 
mice injected shortly after birth. 2) Evi- 
dence reported here, and obtained by others 
(notably Gross, Stewart e¢ al.) suggests that 
lesions described here, are caused by a pluri- 
potent agent (to be called P virus) which is 
distinct from that which causes leukemia (to 
be called L virus). 3) The relationship be- 
tween P and L viruses is conjectural. On the 
basis of evidence presented, we suggest as a 
working hypothesis that the P virus is of the 
parasitic type, is very small, and spreads by 
natural means. It is usually masked, and 
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may be inhibited in tissue extracts by some 
macromolecular particles. The L virus is 
larger, has a more limited host range, and 
may be related to the genome of the leukemic 
cell. 
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Technic for Intravascular Injection and Bleeding of Newborn Rats 


and Mice.* (24365) 


FrED M. Grazer (Introduced by Robert D. Tschirgi) 
Departments of Anatomy and Infectious Diseases, School of Medicine, University of California, 
Los Angeles 


Recent quantitative studies of immunologi- 
cal tolerance have focused attention on the 
need for special technics of bleeding and in- 
jection of embryonic and neonatal animals. 
Billingham and Brent(1) found that a higher 
proportion of tolerant mice was produced 
when homologous cells were injected by the 
intravenous route into the newborn than by 
other routes of administration. Their method 
of intravenous injection requires considerable 
skill and is not suitable for bleeding neonatal 
mice. Terasaki and Cannon(2) have devised 
an ingenious technic for cross-transfusion of 
blood in embryonic chicks. An intravascular 
method of injection for rat embryos of 13 to 
17 days was described by Grazer and Cle- 
mente(3) but it has a relatively high mortality 
rate. The intracardiac technic described here 
for bleeding and injection of newborn rats 
and mice was accompanied by mortality of 
less than 5% in over 600 newborn rats, and 
40 newborn mice. This technic has been ad- 
vantageously employed in studies of trans- 
plantation immunity (4), and heterologous tu- 
mor cell tolerance. 

* Supported in part by U.S.P.H.S. Cancer Research 
Summer Fellowship. 


Methods and materials. The animal is im- 
mobilized on an injecting board ventral side up 
(Fig. 1) with masking tape. It is important 
to stretch the subject as it is masked down, 
which helps to bring the heart closer to skin 
surface. The injecting equipment consists of 
a mounted Luer Lock Tuberculin syringe con- 
nected to a 15-inch length of P 50 polyethyl- 
ene tubing by means of a plastic tubing 
adapter (Clay Adams size A). The 15-inch 
length can be conveniently calibrated for vol- 


NEWBORN RAT 


NEWBORN MOUSE 


FIG. 1. Injection apparatus and procedure. (A) 

Luer Lock Tuberculin Syringe. (B) Plastic tubing 

adapter (Clay Adams Size A). (C) P50 polyethyl- 
ene tubing. 
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ph of newborn mouse 
demonstrating cardiac silhouette. Tip of white ar- 
row is the anatomical site for injection. 


umes up to 0.1 ml. A small length (“%inch) 
of P 10 tubing is slipped inside the distal end 
of the P 50 tubing to serve as an adapter for 
the 30 gauge needle stock which is obtained by 
cutting off the hub of a 30 gauge needle. Be- 
fore injecting or withdrawing blood, we rinse 
the tubing with anticoagulant (normal saline 
and heparin) which is then drawn back into 
the syringe. The air space thus created sepa- 
rates the material in the syringe from the 
blood being drawn. The needle is inserted at 
right angles to the skin surface of the immo- 
bilized animal to a depth of about 3 mm just 
to the left of the midsternal line and approxi- 
mately 1 mm above the costal margin (Figs. 2, 
3). As soon as the needle is in the heart, the 
blood pressure readily pumps the blood into 
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the tubing and it is no longer necessary to 
hold the needle. The free hand is immedi- 
ately used to support the weight of the tubing. 
This procedure allows the animal to make 
small movements without dislodging the 
needle or traumatizing the heart. Rapid in- 
jection of cell suspensions can be made with- 
out danger to the animal. However, this 
technic also allows the injections to be per- 
formed over a relatively long period of time. 
Momentary aspiration can be performed oc- 
casionally to confirm that the needle is in 
proper intracardiac position. The newborn 
rat will tolerate removal of .075 ml of blood 
or an injection of the same volume. Above 
this volume the mortality is considerably in- 
creased. Newborn rats will readily tolerate 
intracardiac injections on several successive 
days. In the same manner, they may be bled 


FIG, 3. Close up of injection procedure with new- 
born rat. 


VACCINIA Virus PARTICLE CouNTS 


and reinjected a few minutes later without 
difficulty. The newborn mouse easily toler- 
ates the removal of .025 ml of blood or the in- 
jection of .05 ml of cell suspension. 


There are several advantages that this tech- 
nic provides over the intravenous route. One 
person can perform the operations without the 
aid of an assistant, and the inexperienced in- 
jector can become quite proficient after the 
first few attempts. Because of the size of the 
heart and the transparency of the skin, no 
magnification is required as with intravenous 
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injections. There are no post-injection hema- 
tomas, and there is no need to apply pressure 
after withdrawal of the needle. 
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Enumeration of Vaccinia Virus Particles in Crude Extracts of Infected 


Tissues by Electron Microscopy.* 


(24366) 
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A previous report indicated that accurate 
counts of vaccinia virus particles could be 
made in unpurified suspensions by diluting the 
crude 10% extract 1:100 and sedimenting the 
virus out of the diluted sample onto a collo- 
dion coated grid. Counts were then made in 
the electron microscope(1). It was felt that, 
even in the presence of much non-viral debris, 
vaccinia particles could be discerned clearly 
enough for quantitative determinations. Other 
studies, however, have questioned the validity 
of this general procedure(2). The question 
is whether there is some dilution range of the 
crude extract in which replicate counts of 
virus are feasible and in which counts are lin- 
ear with dilution. The present paper ana- 
lyzes a large number of vaccinia virus counts 
performed on crude 10% extracts of virus-in- 
fected chorioallantoic membrane and rabbit 
skin tissues utilizing count-dilution curves and 
demonstrates that accurate and reproducible 
virus particle counts are obtainable in these 
non-purified suspensions. 


Materials and methods. Virus and virus 


* This work was supported in part by research 
grants RG5177 and E2035 from U.S.P.H.S. and 
aided by gift of centrifuge equipment from Ivan 
Sorvall, Norwalk, Conn. 


extracts. Vaccinia virus was obtained from 
North Carolina Dept. of Health as a calf 
lymph suspension and maintained in this lab- 
oratory by passage on chorioallantoic mem- 
brane of 12-day-old embryonated eggs and on 
skin of rabbits. Egg membranes were removed 
66 hr after inoculation and areas showing con- 
fluent vaccinia lesions were cut out and ex- 
tracted in glass tissue grinder with 5% horse 
serum in normal saline. The extract was 
then centrifuged at 1600 rpm for 5 minutes. 
The supernate was removed, divided in ali- 
quot parts and stored at —60°C. The egg 
membrane virus used was the 5th egg passage 
of the original calf lymph suspension. Rabbit 
skin passages were begun with this 5th pas- 
sage egg membrane virus and harvests made 
as described by Parker and Rivers(3). After 
the pulp was extracted to 10% by weight 
with 5% horse serum in saline in glass tissue 
grinder, this extract was then centrifuged at 
2600 rpm for 10 minutes. The supernate was 
then removed, divided into aliquot samples 
and stored at -60°C. Virus particle counts. 
Tubes containing the 10% vaccinia virus ex- 
tracts were processed for counting immedi- 
ately after thawing and thawed samples were 
never refrozen. If a small precipitate was 
present in the thawed sample, the tube was 
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shaken by hand to disperse it but no further 
centrifugation was done. Particle counts 
were made by agar sedimentation method of 
Sharp (4,5) and the diluted samples were sedi- 
mented in specially designed Servall-Type SU 
counting rotor in a Servall refrigerated cen- 
trifuge. Fig. 1 shows this 8-cell rotor with 
details of one of the cells shown in exploded 
form. Diluent for adjusting the crude virus 
suspension to concentrations convenient for 
counting was 0.005 M phosphate buffer, pH 
7.0. In experiments where dilution greater 
than 1:300 was necessary bovine serum albu- 
min was added to make a 0.1% solution. Elec- 
tron micrographs were made from lightly 
shadowed pseudoreplicas with an RCA model 
EMU3 electron microscope. All photographs 
were made at magnification of 1708x on 
glass plates after the field had been chosen by 
randomly selecting the center portion of each 
grid for the photograph. Negatives were then 
projected at a 6x magnification onto ruled 
white cardboard for particle counting. Each 
datum represents average number of virus par- 
ticles in 5 such negatives. The number, N, of 
virus particles/ml is calculated from the radial 
height (h = 1.3 cm) of the trapezoidal cell 
chamber, thickness, t, of agar, magnification 
(M) and area (A) of negative projected for 
the count, and number (n) of particles 
counted in that area. The following equa- 


n M? 


0.91 A(h-t) 
let counts were made by the method of 
Backus and Williams(6). Semi-purification 
of vaccinia virus for spray experiments was 
accomplished as follows: Vaccinia virus in- 
fected egg chorioallantoic membranes weigh- 
ing 1.5 g were ground and extracted to 20% 
by weight. This extract was then centrifuged 
at 1600 rpm for 5 minutes, the supernate re- 
moved and stored at 4°C for 12 hours. After 
this interval the material was again centri- 
fuged at 1600 rpm for 5 minutes and the su- 
pernate removed. The supernate was then 
centrifuged at 11,000 g for 30 minutes in an 
angle centrifuge and the pellet resuspended 
in saline containing 5% horse serum. After 
resuspension a final centrifugation was done 
at 1000 rpm for 1 minute and the supernate 
removed for immediate use. Polystyrene la- 


tion was used: N = - Spray drop- 


FIG. 1. Special virus-counting centrifuge rotor show- 

ing one of the cells with parts arranged in order of 

assembly. Eight cells (8 counts) can be run at one 

time and a spun steel cover (not shown) reduces 

air turbulance when rotor operates in a standard 
refrigerated centrifuge. 


tex (Dow lot 580G) was added to give 6.09 x 
10° latex spheres per ml. 

Results. Relation of virus particle counts 
to dilution of sample. Two experiments were 
performed to learn the dependence of count 
upon dilution of crude virus extract and to 
establish, for these particular materials, opti- 
mal dilution for virus particle counting. The 
results of a series of crude egg membrane ex- 
tract and crude rabbit skin extract are shown 
in Figs. 2 and 3 respectively. The egg mem- 
brane extract which had less non-viral debris 
of the two, gave countable pictures in dilu- 
tion as concentrated as 1:200 but not at 
1:100. Linearity of the count plotted against 
dilution factor was good. Dilution of 1:300 
was considered optimal for vaccinia virus par- 
ticle counting of chorioallantoic membrane 
material extracted to 10% as described in 
Materials and methods. A small portion of 
one of the particle count photographs is shown 
in Fig. 4. 

Similar results were obtained with 10% ex- 
tracts of the scraped pulp from vaccinia virus- 
infected rabbit skin except that somewhat 
greater dilution was necessary before foreign 
material and virus particles were dispersed 
sufficiently for reliable and _ reproducible 
counting. The dilution range of this crude 
extract, (Fig. 3), is 1:400 to 1:2000 and in 
this range the counts are linear with dilution. 
The dilution value 1:666 (ref. Fig. 3) was 
considered to be optimal for vaccinia virus 
counts of rabbit skin extracts. Fig. 5 shows 
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FIG. 2 (top). Dependence of agar sedimentation 


count of vaccinia virus particles on dilution of a 
10% extract of infected chorioallantoic membrane. 
FIG. 3 (bottom). Dependence of agar sedimenta- 
tion count of vaccinia virus on dilution of a 10% 
extract of scraped pulp from virus-infected rabbit 
skin. Point at dilution 1:666 is average of the 7 
counts shown in Table II. 
a small portion of a field counted at this par- 


ticular dilution. 

It is important to note that the photographs 
show neither the best nor the worst portions of 
the many fields counted. They do depict, 
however, an average representation of amount 
of debris present in most samples and illus- 
trate that this particular virus can be distin- 
guished in fields containing a large amount of 
non-viral material. The debris in both egg 
membrane and rabbit skin extracts bears no 
relationship to the distribution of the virus 
particles, as previously reported by Overman 
and Tamm(1), and there was no evidence of 
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virus adsorption onto any of the particulate 
material. Some viral aggregation occurred 
but individual particles could be counted in 
each group and the groups were small and nu- 
merous enough to be well distributed over 
each set of 5 pictures. In some early runs, 
uncountable preparations appeared to result 
from allowing thawed extracts to remain at 
4°C for prolonged periods before diluting and 
counting. This practice was discontinued and 
all counts thereafter were made immediately 
after the extract was thawed. 


Replicate virus particle counts on egg mem- 
brane and rabbit skin extracts. Using the 
data obtained in the previous experiments for 
optimal counting dilutions of egg membrane 
and rabbit skin extracts, experiments were de- 
signed to determine degree to which replicate 
counts on aliquot samples of the same 10% 


One- 


FIG. 4. (top). 
ninth of the area of a single electron micrograph of 
10% suspension of chorioallantoic membrane taken 


Vaccinia virus (unpurified). 


magnification and photographically en- 
larged to 10,000 X. Typical foreign material and 
particle groupings are visible. Each count in the 
tabulated data is total count from 45 times the area 
shown here. Sample size was 1:300 ml and the cal- 
culated count for the 10% suspension was 7.6 X 10° 


at 1708 X 


per ml. 
FIG. 5 (bottom). Vaccinia virus (unpurified). 
10% rabbit skin suspension, 1:666 ml sample was 


used and calculated count was 4.2 X 10° per ml of 
the 10% suspension. Other data the same as for 
Fig. 4. 
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TABLE I. Vaccinia Virus Particle Counts in Dilu- 
tions of Aliquot Samples of 10% Extracts of 
Virus-Infeeted Chorioallantoic Membranes. 


10% membrane extract, 5th passage 


Ist series 2nd series 
Particles Calculated Particles Calculated 
per photo _ particles per photo _ particles 
at 1:300 per ml of at 1:300 per ml of 
dilution* 10% ext. dilution* 10% ext. 

192 Oe Se 0? 229 Sei ealoe 

142 6.0 LOT 7.5 

157 6.6 182 6.9 

157 6.6 222 8.4 

192 8.1 189 7.2 

185 7.8 173 6.6 

149 6.3 206 7.8 

157 6.6 172 6.3 

221 9.3 218 8.1 

ibyfal 7.2 232 8.7 

185 7.8 207 7.8 
Mean =e 107 Mean =) 10)? 
Stand. dev.=1.0 xX 10° Stand. dev. = 0.84 x 10° 

== 14% z= I% 


* Avg No. of particles in 5 photographs. 


crude extract could be expected to vary. Each 
count represents a separate centrifugation cell 
run. Results of replicate counts on egg mem- 
brane passaged virus are presented in Table I. 
Using different lots of calf lymph virus as 
starting material 2 series of passages were 
made at different times and, for the present 
study, the selection of 5th passage of each 
series was purely arbitrary. Variation among 
aliquot samples of 5th passage of the first se- 
ries ranged from 6.0 to 9.3 x 10° particles/ml 
in the 10% extract and in the 5th passage of 
the second series the counts ranged from 6.3 
to 8.7 x 10° particles/ml. Standard devia- 
tions of the 2 series were 14% and 11%. It is 
apparent, therefore, that not only is the repro- 
ducibility of the counts quite good but also 
that in 2 different passage series total virus 
particle counts were remarkably similar. As 
an additional check on reproducibility of the 
method another tube of 5th passage material 
from each series was thawed and counted 
about 1 month after above experiments had 
been completed. The second count of series 
1, 5th passage, gave 7.6 x 10° particles as con- 
trasted to 7.1 x 10° for the 11 replicate counts. 
With material from series 2, 5th passage, the 
repeat count was 7.0 x 10° as compared with 
7.6 x 10° for the replicate counts. 

Since rabbit skin material appeared to con- 
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tain more debris than egg membrane extracts 
it was felt that the standard deviation in 
replicate counting of this material might be 
somewhat greater. The results of 7 replicate 
counts on vaccinia virus rabbit skin pulp ex- 
tracted to 10% are presented in Table II. 
Interestingly, the mean of these counts of 4.2 
x 10° had a standard deviation of only 10%. 
This may mean that although certain extracts 
contain more debris than others, this factor 
merely limits the countable dilution range 
and does not per se make the total count at 
optimal dilution less reproducible. 


Comparison of spray and sedimentation 
methods for particle counting of vaccinia virus. 
To check the overall accuracy of agar sedi- 
mentation counting method for vaccinia virus, 
a preparation was made suitable for counting 
also by the spray droplet method. For such a 
study it was necessary to concentrate and 
semi-purify a vaccinia virus suspension to con- 
tain 10!° virus particles/ml or greater for 
spray gun experiments. This was done as 
described in Materials and methods. The re- 
sulting virus particle counts by the 2 methods 
are summarized in Table III. The results 
obtained on the same material by these 2 dif- 
ferent procedures are in good agreement. 


Discussion. As previously reported(1), vac- 
cinia virus particle counts can be made di- 
rectly on 10% extracts of the infected tissues 
by adjusting dilution of the extract to a point 
which gives minimum non-viral debris yet re- 
taining sufficient numbers of virus particles 
for significant counts. The present method 
utilized pseudoreplicas of the sedimented virus 


TABLE II. Vaccinia Virus Particle Counts in 
Dilutions of Aliquot Samples of a 10% Extract 
of Virus-Infeeted Rabbit Skin. 


Particles/photo 
at 1:666 dilution 
of 10% ext.* 


Calculated 
particles/ml 
of 10 % ext. 


53 4.5 & 10° 

49 4.1 

41 3h 15) 

51 4.3 

49 4.0 

56 4.7 

53 4.5 
Mean SS EEE Sea? 
Stand. dev. = 10.0% 


* Avg No, of particles in 5 photographs. 
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TABLE IIT. Comparison of Vaceinia Virus Par- 
ticle Counts by Agar Sedimentation and Spray 
Droplet Methods on the Same Concentrate. 


Method 
Agar Spray 
sedimentation droplet 
Dilution of virus con- 2313 4.05 
centrate 
Latex particles/ml mix- 6.09 & 10° 
ture 
Total virus particles 4358* 833t 
counted 
Ratio: Virus/latex 4.1 
Caleulated count for TOS 1g OL Se" 1:0 
concentrate 


* Fifteen micrographs at a magnification of 
1708X were counted with an avg of 291 particles 
per photograph. 

t Fifteen of the largest droplets with an avg 
of 555 particles/droplet. 


rather than the direct sedimentation described 
previously but this was a matter of conveni- 
ence and our other experiments with the direct 
method show it to be a reliable and reproduc- 
ible technic. 

Certain minimum conditions are required 
for vaccinia virus counting of the type de- 
scribed and certainly one of these is familiar- 
ity with the morphologic variation exhibited 
by this virus and well described by Peters(7). 
A major part of the foreign material present 
in these extracts does not sediment and is 
eliminated with the supernate. The extrane- 
ous particulate matter which does appear on 
the collodion replicate may obscure virus if 
it is too thick so that degree of dilution for 
counting is critical. However, non-viral ma- 
terial in properly diluted samples is readily 
distinguished from the virus. 

It is not possible to show pictures ade- 
quately illustrating the problems encountered 
in these studies. To portray 200 virus par- 
ticles/photograph from suspension containing 
only about 5 x 10° particles/ml it is necessary 
to operate the electron microscope at very low 
power. These negatives are then enlarged by 
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projecting them on ruled white cardboard 
making an area of projection approximately 
1 ft. square. Thus, for reasons of space, the 
photographs which illustrate this paper repre- 
sent only small portions of the areas actually 
counted. In more recent studies the nega- 
tives have been projected on a screen as one 
would project any slide or photographic trans- 
parency. 

Finally, it is important to emphasize that 
the data here described apply to only one vi- 
rus, vaccinia. Both authors have attempted 
particle counts of various viruses in unpurified 
and semi-purified suspensions and have en- 
countered difficulties associated with ease of 
recognition of the particular virus particle in 
its particular environment. 

Summary. Vaccinia virus particles have 
been counted accurately and reproducibly in 
dilutions of 10% extracts of infected egg 
chorioallantoic membrane and rabbit skin by 
the agar sedimentation method. Standard de- 
viation of these counts ranged from 10 to 
14%. Comparison with concentrated, puri- 
fied vaccinia virus, of counting by sedimenta- 
tion and spray droplet methods gave results 
which are in excellent agreement. Various 
factors important in the accurate counting of 
vaccinia virus in crude tissue extracts are dis- 
cussed. 
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A Method for Collection of Intermittent Samples of Adrenal Vein Blood. 
(24367) 


SHAWN ScHAPIRO*t AND LENNART STJARNE (Introduced by A. L. Sellers) 
Fysiologiska Institutionen, Karolinska Institutet, Stockholm, Sweden 


Collection of adrenal vein blood is widely 
used for the study of adrenal secretory activ- 
ity as well as other details of adrenal physi- 
ology. The methods generally employed con- 
sist of ligating the left adrenal vein and can- 
nulating the ipsilateral adrenolumbar vein. 
The technic has been developed by Hume and 
Nelson for large laboratory animals(1) and 
has been modified by Singer and Stack- 
Dunne(2) for the rat. The method of Wada 
et al.(3) utilizing the exteriorized adrenal of- 
fers many advantages although technically 
more difficult than the above procedures. In 
experiments on catechol secretion from the 
intact undisturbed adrenal gland (to be re- 
ported separately), a method for collecting in- 
termittent samples of adrenal vein blood over 
long periods of time was desired. Moreover, 
as catechol secretion was being measured from 
the innervated gland, a procedure was needed 
which avoided tension, manipulation or dis- 
turbance to the adrenal during collection pe- 
riods or when the blood was being returned to 
the animal. 


Methods. The following procedure has 
been found quite suitable for collection of in- 
termittent adrenal vein samples from cats and 
with minor modifications from rats but should 
be equally suitable for other animals as well. 
The left kidney is first isolated and the renal 
vein cleared and occluded near the inflow into 
the vena cava. The renal pedicle is then li- 
gated and the kidney either removed or left 
im situ. The renal vein is next cannulated 
with proper sized polyethylene tubing. After 
isolating and placing loose ligatures around 
the left adrenal and adrenolumbar vein, the 
latter ligature is tied and the vein cannulated 
with the same, or slightly smaller, sized poly- 
ethylene tubing as placed in the renal vein. 


* Research Fellow of Public Health Service, Nat. 
Inst. of Mental Health. 
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Both tubes are pushed through the body wall 
and joined by means of a small flexible piece 
of tubing. The adrenal vein ligature is then 
tied, the renal vein opened and the abdomen 
closed. The entire venous effluent from the 
adrenal is now being returned to the animal’s 
body by means of the “adreno-renal shunt.” 
When it is desired to collect the adrenal efflu- 
ent, the shunt is disconnected and the blood 
allowed to drip into appropriate containers. 
The renal vein may be clamped or maintained 
slightly elevated to prevent backflow during 
this time. Following the collection period, the 
“shunt” is reconnected. Thus, at no time is 
the adrenal manipulated or disturbed. In a 
series of dogs, cats and rats, flow through the 
shunt has been maintained for periods up to 
6 hours with periodic interruptions for sam- 
ple collections. Longer periods of time pre- 
sent no difficulty and the method may also be 
adapted for chronic experiments. Prepara- 
tion of the ‘‘adreno-renal shunt” is shown dia- 
gramatically in Fig. 1. Flow in the “shunt” 
can be easily measured by injecting a tiny 
bubble of air into one portion of the tube and 
timing its progress through a previously cali- 
brated section. The flow during the shunt 
period was found to decrease only very 
slightly when compared to the flow obtained 
by direct measurement during the collection 
periods. Heparin is used to control clotting. 
Discussion. The above technic appears to 
offer certain advantages over procedures now 
in general use. The loose ligature generally 
placed about the adrenal vein and which is 
occluded during collection periods in other 
methods is often difficult to control with ac- 
curacy. In addition, it is difficult to know 
with certainty with the abdomen closed that 
this ligature has been sufficiently tightened or 
loosened according to the experimental needs. 
Furthermore, in experiments involving nor- 
mally innervated adrenals, it is not always 
easy to avoid undue tension upon the adrenal 
when manipulating this ligature. This dis- 
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FIG. 1. “adrenal-renal 
shunt”. 
adrenal vein (2), cannulated adrenal lumbar vein 
(3), cannulated renal vein (4) and outline of kidney. 


Arrow indicates direction of blood flow. 


illustration of 


Schematic 
Shown are inferior vena cava (1), ligated 
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turbance may interfere with adrenal hemeody- 
namics or influence the secretory activity of 
the adrenal. The “adreno-renal shunt” also 
has the advantage that measurements of flow 
rate can be easily obtained during the shunt 
period. It is not necessary to utilize the renal 
vein to return blood to the animal. Other ab- 
dominal veins may also serve this purpose. 

Summary. A method is described for col- 
lecting intermittent samples of adrenal venous 
blood. This method is applicable to rats, 
dogs, cats and other laboratory animals. It 
has the advantage of involving no manipula- 
tion, tension or interference with adrenal he- 
modynamics during periods of collection or 
when the adrenal effluent is being returned to 
the animal through a cannula placed in an ip- 
silateral abdominal vein. 


The Senior Author expresses his warm appreciation 
to Prof. U. S. von Euler for the opportunity of carry- 
ing out this and other work in his laboratory. 
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Anaerobic Lactate Production in Ascites Tumor Cells. 
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G. H. A. CtoweEs,* C. P. WALTERS, AND A. K. KELTCH 
Lilly Research Labs., Indianapolis, Ind. 


Stimulation by 4,6-dinitro-o-cresol (DNC) 
of glucose use and lactate production in Ehr- 
lich carcinoma and Crocker sarcoma 180 as- 
cites tumor cells has been described(1). 
Further studies of 2 features of this stimula- 
tion are here reported. These are: (1) stimu- 
lation by DNC occurs under anaerobic as well 
as aerobic conditions and, (2) stimulated 
aerobic rate exceeds stimulated anaerobic rate 
at certain concentrations of DNC. The ear- 
lier experiments were carried out at 25°. In 


* Deceased Aug. 25, 1958, 


the present studies, similar experiments were 
catried out at 15° and 37° as well as 25°; 
it has been found, especially with the Ehrlich 
carcinoma, that degree of stimulation by 
DNC is markedly temperature-dependent and 
that it has a different value aerobically than 
it has anaerobically. Thus, the ratios of 
stimulated aerobic rates to anaerobic rates 
also vary with temperature. 

Methods. Ehrlich carcinoma ascites tumor 
cells were maintained, harvested, and washed 
free of red and white blood cells as previously 
described(1) except that a solution of 0.15 M 
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E I. Influence of Temperature on 4,6-dinitro-o-cresol Stimulation of Lactate Production 
Roan Consumption in ae Ehrlich Carcinoma and the Crocker Sarcoma 180 Ascites Tu- 
mors. The experiments were carried out as described in the text. The duration of incubation 
was 20 min. at 37°, 40 min. at 25°, and 90 min. at 15°. The values for lactate production and 

oxygen consumption are expressed as micromoles per hr per 250 mg wet wt of cells. 


Ehrlich eareinoma 


——Lactate production——, 


Crocker sarcoma 180 


——Lactate production—\ 


mere Ratio: Ratio: 
Temp., DNC An- aerobie/ : An- aerobie/ 

°C <x 10% Aerobie aerobic anaerobie O,use Aerobie aerobic anaerobic O,use 
3 none 24.6 41.4 59 6.7 33.9 68.4 50 ileal 
3 8 41.7 46.8 95 12.3 60.0 68.4 .88 24.9 
16 52.5 49.5 1.06 15.9 (Ne 65.7 1.08 29.1 

32 62.4 49.5 1.32 13:5 82.2 62.7 1.30 23.1 

64 80.5 49.5 1.63 10.2 68.4 60.0 1.14 15.6 

128 81.3 46.2 1.76 7.5 57.3 54.0 1.06 14.4 

256 66.3 46.8 1.41 7.5 47.8 46.8 1.01 15.3 

512 57.9 45.6 1.28 6.0 40.2 39.6 1.00 17.4 

25 none 10.3 20.8 50 3.6 10.6 25.5 42 3.6 
8 22.8 25.8 .88 6.1 26.4 25.5 1.03 8.6 

16 27.4 26.4 1.08 8.7 32.0 23.7 35 11.4 

32 36.2 31.0 ile tbil 5.4 27.8 22.6 1.22 4.1 

64 40.4 33.2 1.22 4.5 22.2 20.8 1.07 3.0 

128 40.8 30.9 1.32 3.5 18.6 16.7 1.12 2.1 

256 3an0 29.1 1.15 PY 13.3 12.4 1.07 1.7 

512 27.8 23.1 1.20 2.7 10.8 10.2 1.06 2.1 

15 none 2.2 S0/ 59 are: Sat 75 50 13 
8 4.3 5.5 78 ey 10.3 9.8 1.05 3.0 

16 5.2 6.3 82 2.1 10.8 9.0 1.21 2.4 

32 8.2 9.0 91 1.9 8.8 8.5 1.04 15 

64 10.3 10.0 1.04 1.6 8.2 te a ea fal 1.1 

128 ile) 10.6 1.06 1.4 5.4 5.4 1.00 9 

256 9.5 9.8 97 1.2 3.8 3.6 1.04 9 

512 8.8 8.4 1.05 1.0 2.7 2.1 1.29 8 


NaCl containing 0.025 M glycylglycine, pH 
7.4, was used in washing the cells and for 
making final suspension. Experiments were 
carried out in Warburg flasks as before(1), 
except that the main compartment contained 
0.6 cc of glycylglycine, 0.02 M, pH 7.4, 0.1 cc 
KHCO;, 0.02 M, 1 cc of cell suspension, and 
enough of above washing solution to bring the 
final total volume to 3 cc. Glucose, 0.5 cc, 
and the substituted phenol, 0.3 cc, each in the 
amount required to give the desired final con- 
centrations, were placed in a side arm. Sar- 
coma 180 ascites tumor cells and Freund 
sarcoma ascites tumor cells were harvested 
and handled similarly. 

Results. Values for aerobic and anaerobic 
lactate production and for oxygen consump- 
tion by the Ehrlich carcinoma and the Sar- 
coma 180 ascites tumor cells at 3 different 
temperatures and in the presence of various 
concentrations of DNC are shown in Table I. 

Ehrlich carcinoma. At all 3 temperatures, 
lactate production by the Ehrlich carcinoma 


cells was stimulated by DNC both aerobically 
and anaerobically. Characteristically, degree 
of stimulation increased with graded concen- 
trations of DNC, achieved a maximal value, 
and decreased at highest concentrations used. 
These data and the ratios derived from them 
suggest the following salient features of DNC 
stimulation: 1. Degree of stimulation was, at 
all temperatures, greater under aerobic than 
under anaerobic conditions. It should be 
noted, however, that these cells exhibit a 
Pasteur effect and, in the absence of added 
DNC, aerobic lactate production is less than 
anaerobic by 40 to 50%. 2. Maximal value 
reached aerobically with increasing DNC was 
greater than maximal anaerobic value at 37° 
and 25° but not at 15°. 3. Maximal stimu- 
lation of lactate production occurred aero- 
bically at 128 x 10° M DNC in all in- 
stances, whereas anaerobically the concentra- 
tion of DNC required for maximal stimula- 
tion appeared to change with temperature. 
At 15°, however, maximal stimulation an- 
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aerobically also occurred at 128 * 10% M 
DNC. This value may be contrasted to the 
value of 16 < 10° M, the concentration of 
DNC producing maximal stimulation of oxy- 
gen consumption at all 3 temperatures. 
Crocker sarcoma 180. A significantly dif- 
ferent pattern of DNC action was obtained 
with the Crocker sarcoma 180 ascites tumor. 
Although stimulation of lactate production 
was obtained under aerobic conditions at all 
temperatures, its degree did not increase in 
a regular manner as temperature was reduced 
from 37°. Moreover, stimulation of anaero- 
bic lactate production occurred only at 15° 
and was, in that instance, not large. It is 
perhaps significant that concentration of 
DNC (16 or 32 & 10° M) which produced 
maximal stimulation of lactate production in 
this tumor was the same or nearly the same 
as that (16 & 10° M) which produced maxi- 
mal stimulation of oxygen consumption. 


Freund sarcoma. Cells of the Freund sar- 
coma, a chemically-induced tumor, were stud- 
ied at 37°. In their response to graded con- 
centrations of DNC they resembled that 
Crocker sarcoma 180 rather than the Ehrlich 
carcinoma. 

Effects of other substituted phenols. Vari- 
ous other substituted phenols were tested for 
their influence on lactate production by the 


Ehrlich carcinoma ascites tumor cells. These 
were o-nitrophenol, p-nitrophenol, 2,4-di- 
chlorophenol, 2,6-dichlorophenol, 2,4-dibro- 


mophenol, 2,6-dibromophenol, 2,4,5-trichloro- 
phenol, 2,4,6-tribromophenol, and 2,4,6-tri- 
iodophenol. At 37°, all stimulated aerobic 
lactate production except o-nitrophenol, which 
had no effect at any concentration tested, and 
none stimulated anaerobic lactate production. 
Only 2,4,5-trichlorophenol was tested at 25°. 
It did not stimulate anaerobic lactate produc- 
tion. 

Discussion. In the Ehrlich carcinoma as- 
cites tumor, the difference between concen- 
tration of DNC which maximally stimulates 
lactate production and that which maximally 
stimulates oxygen consumption is large (8- 
fold) and it seems justified to conclude that 
the two phenomena are unrelated. The latter 
phenomenon and its probable mechanisms 
have been extensively reviewed(2,3,4). The 
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mechanism by which lactate production may 
be stimulated by DNC has so far eluded de- 
tection. 


Two aspects of the stimulation of lactate 
production by DNC require explanation: 1, 
Locus and mode of action of DNC which re- 
sults in stimulation and, 2, identity of the 
rate-limiting steps of metabolism which ac- 
count for absolute and relative values of lac- 
tate production when maximally stimulated 
by DNC. Concerning the latter, the follow- 
ing may be considered. Maximum values of 
aerobic and anaerobic lactate production 
when stimulated by DNC are the same at 
15° and different at 25° and 37°. This rela- 
tionship suggests that there is, at 15°, a com- 
mon rate-limiting step and at higher tempera- 
tures a different rate-limiting step for the 2 ex- 
perimental conditions. If this assumption is 
correct a possible explanation for the results 
at 15° may be that glucose penetration into the 
cell, which is not rate-limiting in absence of 
DNC, becomes rate-limiting when glucose me- 
tabolism is stimulated. In support of this sug- 
gestion it may be noted that the large Qio 
values (approximately 4-5) for lactate pro- 
duction between temperatures of 15° and 25° 
are similar to those reported by Crane, Field, 
and Cori(5) for sugar penetration into these 
cells. Furthermore, penetration of sugar has 
the same rate under aerobic and anaerobic 
conditions and is not directly influenced by 
DNC(5). 

In continuing the search for loci of action 
of DNC which can result in stimulation of 
lactate production and in differing degrees of 
stimulation under aerobic and anaerobic con- 
ditions, the following points may be consid- 
ered. Adenosine triphosphate (ATP), adeno- 
sine diphosphate (ADP), and oxidized pyri- 
dine nucleotide are required in conversion of 
glucose to lactate and their individual avail- 
abilities are rate-controlling factors in this 
process(6,7). Since at all temperatures maxi- 
mal stimulated rate occurs at a concentration 
of DNC which has presumably suppressed 
aerobic phosphorylation to minimal levels 
(8), ATP available as a phosphate donor in 
the hexokinase and phosphohexokinase re- 
actions and ADP available as a phosphate ac- 
ceptor in later reactions are likely glycolytic in 
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origin and very nearly the same in amount in 
both aerobic and anaerobic experiments. Thus 
the proposition is appealing that the influence 
of DNC on some aerobic reaction other than 
aerobic phosphorylation, possibly reduced py- 
ridine nucleotide oxidation, underlies the dif- 
ference between aerobic and anaerobic values 
for maximal stimulation at 37° and 25°. In 
fact, interference with reduced triphosphopyri- 
dine nucleotide (TPNH) oxidation as a mech- 
anism of DNC action for both aerobic and an- 
aerobic stimulation seems a reasonable specu- 
lation on which to base further work. Some 
evidence pointing in this direction has been 
obtained with the eggs of Arbacia punctulata 
in which it has been found(9) that DNC 
alters the pathway of glucose utilization from 
one requiring a continuing supply of oxidized 
triphosphopyridine nucleotide (phosphoglu- 
conate pathway) to one requiring a supply 
of oxidized diphosphopyridine nucleotide 
(glycolytic pathway). In addition, substi- 
tuted phenols can inhibit flavin nucleotide 
oxidations in general(10) and TPNH-cyto- 
chrome-c reductase in particular(11). 
Summary. Conversion of glucose to lactate 
by ascites tumor cells derived from. the Ehr- 
lich carcinoma, Crocker sarcoma 180, and 
Freund sarcoma is stimulated by 4,6-dinitro- 
o-cresol under both aerobic and anaerobic con- 
ditions. Degree of stimulation increases as 
temperature is lowered from 37° to 15°, al- 
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though the absolute rate of lactate production 
diminishes. Aerobic lactate production is 
stimulated to a greater degree than anaerobic 
and the former exceeds the latter under cer- 
tain conditions. The implications and possi- 
ble mechanisms of these phenomena are dis- 
cussed. 


The authors wish to express their appreciation to 
Dr. Robert K. Crane for preparing this paper for 
publication. 
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Mucopolysaccharide, Protein and Desoxyribosenucleic Acid Concentration 


of Granulation Tissue Induced by Polyvinyl Sponges.* 
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Hospital, Detroit, Mich. 


Granulation tissue free of inflammatory in- 
filtrate has been observed to enter polyvinyl 
sponges inserted under skin of various animals 


* Supported by grants from Michigan Chapter of 
Arthritis and Rheumatism Fn. and Detroit Receiving 
Hospital Research Ccrp. 

t John and Mary R. Markle Scholar in Medical 
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(1,2). This tissue provides proliferating, 
metabolically active connective tissue suitable 
for experimental study. Protein and collagen 
content of tissue which enters these sponges 
and some of the enzymatic activities of this 
tissue have been studied(2,3). We explored 
the metabolism of mucopolysaccharides in 
this tissue. The present report concerns mu- 


in Polyvinyl Sponges. 


ses of Tissue 
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TABLE I. 


12 wk 


1% wk 2 wk 3 wk 4 wk 6 wk 
76.2 + 10.5 92.5 


1 wk 


Units 


Determination 


+ 11,4 


(8) 


5.4 


=a 
(5) 
9.39 + 


+ 13.1 


(6) 
128+ 1,09 


133 


159 


mg 


Wt of granuloma 


(4) 


12.7 + 


(10) 


(12) 
11.7 + 


(7) 


14.1 + 


A5 


(6) 


76 


(4) 


46 


14.4 + 
(7) 


33 


(10) 


1.59 


58 


g/100 g 


Protein 


(6) 


(10) 
708 +120 


(4) 


mg/100 g 


Desoxyribosenucleie acid 
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(6) 


(10) 


(12) 


139 


168 +19.4 


+ 22.9 


(10) 


192 


Uronie acid of acid muco- 


(8) 


polysaccharide (earba- 


zole method) 


16 


Ot 


Ratio of earbazole/oreinolt 


(4) 


(6) 


(5) 


No. of observations in parentheses. 
* Mean + stand. error of mean. 


t This ratio compares values obtained for uronic acid content of acid mucopolysaccharide fraction by carbazole and orcinol methods of determination. 


copolysaccharide, protein and  desoxyribo- 
senucleic acid concentration of tissue which 
forms in sponges inserted under dorsal skin of 
guinea pigs. Subsequent reports will deal with 
enzymes involved in synthesis of mucopoly- 
saccharides in this tissue(4). 


Materials and methods. Polyvinyl sponges 
(Ivalon, Clay-Adams) weighing 130 + 10 
mg were inserted under dorsal skin of male 
guinea pigs weighing 500 + 50 g anesthetized 
with pentobarbital. Two sponges were in- 
serted in lumbar regions of each animal. After 
one to 12 weeks, sponges were removed and 
dissected free of adjacent connective tissue. 
They were cut into 1-2 mm particles, defatted 
and dried. The details of this procedure and 
subsequent determination of acid mucopoly- 
saccharide content were reported previously 
(5). The dry, defatted tissue was weighed; 
weight of granulation tissue was obtained by 
subtracting original weight of sponge used, 
since weight of sponge was not altered by 
prior steps. After grinding in a Wiley mill, 
weighed aliquots of sponge tissue were taken 
for chemical analyses; weights were corrected 
for content of inert sponge material and re- 
sults were calculated/100 mg of dried, fat- 
free granulation tissue. Acid mucopolysac- 
charide was determined by carbazole and or- 
cinol determinations of uronic acid in the mu- 
copolysaccharide fraction(5). Desoxyribose- 
nucleic acid (DNA) was determined by ex- 
traction with hot trichloracetic acid, color de- 
velopment with indole, and removal of non- 
specific color with isoamyl] alcohol, according 
to the method of Keck(6). Protein was de- 
termined by extraction with alkaline copper 
solution (“reagent C”) of Lowry, et al.(7) 
for 2 hours at room temperature. An aliquot 
was then used for protein determination using 
the Folin-Ciocalteau reagent(7). Samples of 
sponges not used for quantitative studies were 
fixed in 40% formaldehyde and microscopic 
sections were made and stained with hema- 
toxylin and eosin. Chromatography of mu- 
copolysaccharides in extracts of sponge tissue 
was done by methods described previously 
(8). Chromatography of hexosamines was 
done by the method of Stoffyn and Jeanloz 
(9) after hydrolysis and isolation on a Dowex- 
50 resin column. 
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Results. The results are given in Table I. 
Maximum weight of granulomas occurred at 
10 days, then decreased; the sponges became 
progressively more shrunken, firm and less 
vascular. Cellularity of sponges, as reflected 
by desoxyribosenucleic acid concentration, 
reached a maximum at 2-3 weeks while pro- 
tein content was near maximum at one week. 
The acid mucopolysaccharide concentration 
climbed rapidly between one and 2 weeks, 
then fell gradually thereafter. As the content 
of mucopolysaccharide in sponges fell, a de- 
crease in carbazole/orcinol ratio occurred. 
Since chondroitin sulfate B gives a low carba- 
zole/orcinol ratio(10), this presumably indi- 
cated an increase in relative concentration of 
this mucopolysaccharide. 


Chromatography of the mucopolysaccharide 
fraction of extracts of sponge tissue revealed 
metachromatically staining components near 
the solvent front and near the origin in both 
buffered ethanol and _ buffered propanol. 
Markers of chondroitin sulfate A migrate near 
the solvent front in both systems; hyaluron- 
ate remains near the origin in both systems. 
Heparin and chondroitin sulfate B stay near 
the origin in ethanol, but migrate near the sol- 
vent front in propanol. Therefore, the spot 
near the solvent front in ethanol probably con- 
tains chondroitin sulfate A or C (or both), 
and that near the origin in propanol probably 
contains hyaluronate. In view of the carba- 
zole/orcinol ratios, chondroitin sulfate B is 
probably also present but its mobility over- 
laps that of one of the other components in 
each system. 


Chromatography of hexosamines isolated 
from mucopolysaccharide fraction revealed 
the presence of both glucosamine and galac- 
tosamine. 

Incubation with testicular hyaluronidase, 
following the procedure described(5), resulted 
in disappearance of up to 90% of the muco- 
polysaccharide in extracts of sponges which 
had been in situ 1-2 weeks. 

Histological appearance of tissue in sponges 
is illustrated in Fig. 1. No infiltration by in- 
flammatory cells was seen. Multinucleated 
giant cells were present, pear in the 
older granulomas. 

Discussion. Concentration of acid muco- 
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Microscopic appearance of sections of 


ae * te 
IME ale 
sponges which had been inserted under the dorsal 


skin of guinea pigs. A, 10 days; B, 3 weeks; C, 4 
weeks; D, 6 weeks. Magnification 113 X, hema- 
toxylin and eosin stain. 


polysaccharide in connective tissue which 
formed in polyvinyl sponges reached a level 
higher than that found in either normal guinea 
pig skin or subcutaneous tissue, but not as 
high as that found in aorta or cartilage. Pro- 
tein concentrations were higher than the total 
protein of 9 g/100 g of wet tissue reported by 
Kao et al.(2) for 120 day-old sponge speci- 
mens from rats. 


Jackson(11) and Slack(12) reported col- 
lagen and sulfated polysaccharide content of 
granulomas induced by subcutaneous injec- 
tion of carrageenin. Their results resemble 
the findings in the polyvinyl sponges, except 
that in granulomas induced by carrageenin 
the peak growth is reached earlier and resorp- 
tion is more rapid and more complete. We 
found that granulomas induced by polyvinyl 
sponges are more suitable for polysaccharide 
analyses than those induced by carrageenin,+ 
since the latter is a sulfated polygalactose 
which interfered with some of the carbohy- 
drate analyses. 

The tissue found in polyvinyl sponges syn- 
thesizes significant quantities of mucopolysac- 
charide, and is suitable for study of inter- 
mediary steps in the metabolism of these sub- 


¢ Carrageenin was kindly supplied by Seaplant 
Chem. Corp., New Bedford, Mass. 
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stances(4). Further information concerning 
degradation of mucopolysaccharide might also 
be gained by study of the sponge tissue in 
view of the decreasing mucopolysaccharide 
content of this tissue after the second week. 

Summary. Polyvinyl sponges inserted un- 
der the dorsal skin of guinea pigs fill with cel- 
lular connective tissue. Dry weight of the 
granulation tissue, concentration of protein, 
desoxyribosenucleic acid and acid mucopoly- 
saccharide at intervals between 1 and 12 
weeks are reported. Both glucosamine and 
galactosamine were present in the mucopoly- 
saccharide fraction. Evidence for the pres- 
ence of 3 types of mucopolysaccharide com- 
ponents was obtained by chromatography and 
carbazole/orcinol ratios. A decrease in car- 
bazole/orcinol ratios suggested an increased 
proportion of chondroitin sulfate B in the 
older granulomas. 
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Chemotherapeutic Studies with 2,4-Dimethoxy-6-sulfanilamido-1,3-diazine 


(Madribon*) 
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R. J. ScHnitTzER, W. F. DELORENzO, E. GRUNBERG AND R. RUSSOMANNO 
Hoffmann-La Roche, Nutley, N. J. 


Comparatively high activity of 2,4-dime- 
thoxy-6-sulfanilamido-1,3-diazine in  experi- 
mental streptococcal infections has been de- 
scribed by Semenitz(1). The results ap- 
peared promising although the experiments 
were carried out with organisms of low viru- 
lence and evaluation of the effect of subcu- 
taneous administration was based on very 
short observation time. More extensive 
studies on chemotherapeutic activity carried 
out recently in these laboratories confirmed 
the remarkable activity of this compound in 
a series of experimental infections with gram- 
positive and gram-negative bacteria. The ex- 
periments are here described. 

Chemical and physical properties. 2,4-Di- 
methoxy-6-sulfanilamido-1,3-diazine (I; Ma- 
dribon), first synthesized by Bretschneider 
and Kloetzer(2), is a white, odorless. and al- 
most tasteless crystalline powder with a melt- 


* Trademark. 
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ing range of 200-202°C. Two Kpa values at 
2 and 6 were observed.t The substance is 
slightly soluble in water, dependent on H-ion 
concentration. Solubility values determined 
at 37°C of 4.6 to 7.5 mg/100 ml at pH 4.10 
and 5.7 rose to 29.5 mg/100 ml at pH 6.7, 
58.0 mg/100 ml at 7.06, 920 mg/100 ml at 
8.19 and reached 5170 mg/100 ml at pH 8.71. 
Under the same conditions, the N*-acetyl de- 


+ We are greatly obliged to Dr. A. Motchane of 
the Physico-chemical Lab. for permission to include 
these values as well as data on solubility, in this 


paper. 
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rivative was of somewhat lower solubility ex- 
cept in the alkaline range of pH 8.83. These 
solubility values are not of practical signifi- 
cance because the drug is eliminated in the 
form of its highly soluble glucuronide (Dr. B. 
Koechlin; personal communication). 


Materials and methods. Antibacterial ac- 
tivity. (a) in vitro. The bacteriostatic effect 
was determined by conventional technic of 
serial dilution test in the semi-synthetic me- 
dium of Adams and Roe(3). The inoculum 
consisted of 0.05 ml of a 10° diluted overnight 
broth culture, but in case of streptococci and 
pneumococci the same volume of a 107% di- 
luted culture was used. The drug was dis- 
solved in alkali to give a solution of pH 9.0. 
The results were read after 24-48 hours’ in- 
cubation and verified by subculture on appro- 
priate solid media if necessary. (b) in vivo. 
All experiments were carried out in white mice 
of 18 to 20 g body weight. The procedure 
followed closely the technic described previ- 
ously (4,5) and consisted of intra-abdominal 
infection with 0.5 ml containing 100-1000 
minimal lethal doses, using either a properly 
diluted overnight broth culture of strepto- 
cocci, pneumococci, Listeria, Klebsiella, or di- 
luted suspensions in 5% gastric mucin in ex- 
periments with staphylococci, meningococci, 
members of the coli-salmonella group, Pas- 
teurella, P. vulgaris and Ps. aeruginosa. The 
infective doses used are given in Tables I and 
II. Graded doses of drug suspended in 5% 
gum arabic or in oil in water lipid suspension 
(5) were given by gavage. The dosage sched- 
ule consisted either of a single dose given 
shortly after the infection or in a series of 4 
to 6 treatments distributed over 4 days with 
the first dose also administered shortly after 
infection. Groups of 10 mice served for every 
dose. Mice which died were autopsied and 
cultures taken of blood. Survivors were ob- 
served for 3 weeks. Untreated controls in- 
fected with the same and lower doses were 
included in every experiment. 

Results. Toxicity. Studies on acute and 
chronic toxicity were carried out in different 
species of animals by Randall and his asso- 
ciates(6). 
that mice tolerated single oral doses of 10,000 
mg/kg without signs of toxicity and that ad- 


It might suffice to mention here’ 
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ministration of 200 mg/kg/day to rats for 13 
weeks did not produce pathological changes 
in tissues although a certain growth inhibition 
was observed. Determination of the fate of 
Madribon indicated that it belongs to the 
group of sulfonamides with prolonged persis- 
tence in the body characterized by a half-life 
of 48 hours in blood of rats. 

Antibacterial activity in vitro. Determina- 
tion of bacteriostatic activity im vitro showed 
the familiar picture of sensitivity of the differ- 
ent organisms characteristic for many sul- 
fonamides. In the group of gram-positive or- 
ganisms only staphylococci showed high sen- 
sitivity with minimal growth inhibiting con- 
centrations of 1.9 pg/ml (strain 209) and 
15.6 ng/ml (strain Smith), whereas B-hemo- 
lytic streptococci (strain #4), type I pneumo- 
cocci (ATCC 6301) and L. monocytogenes 
were inhibited by high concentrations of 2000, 
500 and 1000 pg/ml respectively. Gram- 
negative organisms exhibited as a rule higher 
sensitivity. The values were for E. coli (J) 
1.9 pg/ml, K. pneumoniae 3.9 pg/ml, S. ty- 
phosa (2 strains) 3.9 ng/ml, S. typhimurium 
62.5 ug/ml and S. schottmuelleri 125 pg/ml. 
Growth inhibition of P. multocida and Ps. aer- 
uginosa was not observed with concentrations 
as high as 2000.0 ng/ml. 

Antibacterial activity in vivo. Results of 
experiments in which the protective activity of 
Madribon was determined in infections with 
12 different organisms are given in Table I. 
From the figures, which are based on fre- 
quently repeated experiments, it may be seen 
that the compound was effective in the major- 
ity of infections tested at doses generally well 
below 100 mg/kg even if only a single treat- 
ment was given, e.g. in Salmonella infections. 
The values are comparable to those observed 
with highly active sulfonamides, e.g. sulfadia- 
zine and particularly sulfamethoxypyridazine, 
as determined in our laboratory and elsewhere 
(7). In case of the pneumococcal and Pseu- 
domonas infections which are known to re- 
spond less readily to sulfonamides, higher but 
still comparatively low doses were required 
and the values were more favorable than could 
be expected from the bacteriostatic effect in 
vitro. It is also noteworthy that hemolytic 
streptococci and P. multocida responded to 
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TABLE I. In Vivo Antibacterial Activity of Madribon. 


. Infeetive No. of No. of % mortality 

Organism dose: 0.5 ml mice doses  PDyo,mg/kg* of controls 
S. pyogenes #4 10> 420 6 43.2 98.3 
D. pneumoniae #6301 LG 210 6 423.0 100.0 
M. pyogenes var. aureus 10> 180 4 52.1 93.3 

(Smith) 

L. monocytogenes LQ 250 6 43.8 88.0 
N. meningitidis rd 12 1 44.4 95.0 
P. multocida 10% 6 24.5 85.0 
E. coli J 10 120 4 88.9 95.0 
K. pneumoniae af: 320 6 (MlBY) 100.0 
S. schottmuelleri LOS 340 1 53.5 94.0 
S. typhosa P58a 10> 190 i 10.8 96.7 
Ps. aeruginosa 4 240 4 325.0 82.5 
P. vulgaris 10> 130 1 34.9 80.0 


* 50% protective dose, caleulated according to Reed and Muench(8). 


low doses in vivo despite their lack of sensi- 
tivity in vitro. 

The streptococcal, staphylococcal and Lis- 
teria infections were of approximately equal 
susceptibility in the group of gram-positive 
organisms. Among gram-negative bacteria 
S. typhosa showed the highest sensitivity 
which is characteristic for many sulfonamides. 
It might, however, be mentioned that Madri- 
bon had no effect on oral infection of mice 
with S. typhimurium. A diet containing 1% 
or 2% of the drug corresponding to 2.5 to 5.0 
g/kg/day given for 7 days, failed to protect a 
significant number of mice against the fatal 
course of the disease. Death occurred after 
an average survival time of 15-16 days in this 
as well as in the control group. Not given in 
the Table are experiments with entero-patho- 
genic strains of E. coli, of the serotypes O 119, 
O 125, O 126 and O 128. Although intra-ab- 
dominal infections of more than 1000 minimal 
lethal doses were used and only a single oral 
dose was given, an average 50% protective 


TABLE II. Antibacterial In Vivo Activity of 
Madribon under Conditions of Single Drug Ad- 
ministration in a Lipid (Oil in Water) Emulsion. 


Infective PD», % mortality 
Organism dose: 0.5ml mg/kg* of controls 
S. pyogenes #4 10s 103.3 100 
D. pneumoniae 732.1 100 
#6301 
E. coli J 10-3 80.7 90) 
S. typhosa P58a Or 17.5 100 
S. schottmuelleri LO 33.3 90 
P. vulgaris Ue 42.6 80 
Ps. aeruginosa 2 424.0 70 
* 50% protective dose, according to Reed and 


Muench(8), 


dose of 32.0 mg/kg (min. 25.7, max. 36.1) 
was obtained. 


In an additional series of experiments com- 
piled in Table II the effect of single dose treat- 
ment was determined in 7 different infections. 
Suspension of the drug in an oil in water emul- 
sion was selected. It is evident that Madri- 
bon exerted its protective activity in all in- 
stances. The influence of the lipid vehicle as 
compared to gum arabic was negligible in in- 
fections with gram-negative organisms (Table 
I) and also in the streptococcal infection, 
which responded to a single dose of Madribon 
in gum with a PDs» of 178 mg/kg. Enhance- 
ment by suspension in oil in water emulsion 
was only noticeable in pneumococci which 
otherwise do not respond to single treatment 
with sulfonamides. 


Discussion. The antibacterial in vivo ac- 
tivity of Madribon is characterized by its 
scope and its intensity. All 12 organisms 
tested, 4 gram-positive and 8 gram-negative 
ones, responded to comparatively small doses 
of the drug. With a few exceptions (D. pneu- 
moniae, Ps. aeruginosa) the 50% protective 
doses were less than 100 mg/kg with an aver- 
age of approximately 46 mg/kg for gram- 
positive and 49 mg/kg for gram-negative or- 
ganisms. This type of marked activity must 
be ascribed to the high chemotherapeutic po- 
tency exerted in vivo though not in all in- 
stances reflected by the bacteriostatic effect 
in vitro. Another aspect of the Madribon ac- 
tivity, namely reduction of frequency of treat- 
ment to a single dose even in streptococcal 
and pneumococcal infections, can probably be 
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attributed to the persistence of effective con- 
centrations in blood and tissues. 

Whether the presence of the methoxy 
groups is correlated to toxicological and che- 
motherapeutic characteristics of Madribon 
cannot yet be decided, although the influence 
of the methoxy group on the properties of sul- 
famethoxypyrimidine might allow such as- 
sumption by analogy. 

Summary. A new sulfonamide, Madribon, 
exerted high protective activity in 12 experi- 
mental bacterial infections produced by gram- 
positive and gram-negative organisms. The 
frequency of drug administration could be re- 
duced to a single dose in all 7 infections in 
which this technic was tried. 
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Paut GRIMINGER AND HANS FisHER (Introduced by J. B. Allison) 
Dept. of Poultry Science, Rutgers University, New Brunswick, N. J. 


Considerable interest exists in factors in- 
fluencing plasma cholesterol level. Hyper- 
cholesterolemia induced by cholesterol feeding 
is now a widely known phenomenon in the 
chicken. Recently, Newman and co-workers 
(1) have demonstrated a decrease in serum 
cholesterol (and also liver cholesterol) of 
chicks which were fed cholesterol and saponin 
simultaneously. Schoenheimer and Sperry 
(2) have shown that saponins have the prop- 
erty of forming stable complexes with choles- 
terol; therefore, a reduction of blood choles- 
terol due to feeding of saponin with a choles- 
terol containing diet might be expected. Blood 
cholesterol level of chicks however, can be sig- 


* Paper of the Journal Series, N. J. Agr. Exp. Sta- 
tion, Rutgers Univ., the State Univ. of New Jersey, 
Dept. of Poultry Science, New Brunswick. Supported 
in part by grants-in-aid from Nutrition Fn. and 
Wis. babs 

+The authors acknowledge with thanks receipt 
of dietary ingredients from the following: Merck, 
Sharp and Dohme, Rahway, N. J.; Distillation Prod- 
ucts Industries, Rochester, N. Y.; Dow Chemical Co.., 
Midland, Mich.; and Pfizer and Co., Terra Haute, 
Ind. 


nificantly varied not only by dietary choles- 
terol, but also by other factors such as exer- 
cise(3), and a low level of protein in the diet 
(4,5). In the present report an attempt was 
made to evaluate the influence of saponin on 
endogenous hypercholesterolemia in chickens, 
induced by feeding low protein diets. 


Methods. Three experiments were _per- 
formed. In Exp. 1, male crossbred chicks 
were started on experimental diets at one day 
of age, and at 24 days blood was taken for 
plasma cholesterol analysis. In Exp. 2, newly 
hatched female cross-bred chicks were first 
kept on conventional starter mash for 1 week, 
and plasma analyzed for cholesterol after 16 
and 23 days on the experimental diets. In 
Exp. 3, 1l-year-old White Leghorn roosters 
were used, and their plasma cholesterol deter- 
mined 10 and 20 days after the birds had 
been put on experimental diets. Composition 
of diets is given in Table I, and dietary addi- 
tives to the different lots appear in Table IT. 
Ten chicks or 5 adult birds were kept on each 
treatment in each experiment. Chicks were 
housed in electrically heated and thermo- 
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TABLE I. Composition of Basal Diets. 


Ingredient % 
Exp. 1 and 2 
Cerelose 56.05 
Starch 20 
Assay protein C-1 12 
Salt mixture* 5.30 
Non-nutritive fiber 3 
Refined corn oil S 
Choline ehloride .20 
Vitamin mixture* 5 
Vit. A, D and E econcentrate* 10 
DL-methionine whe 
Glycine 10 
Total 100 
Exp. 3 
Cerelose 84.85 


Soybean oil meal (50% protein) 6.25 
Refined corn oil 3 


Salt mixture* 3 
Dried distillers solubles 2.50 
Choline chloride ee hiss 
Vitamin mixture* <A 
Vit. A, D and E concentrate* 10 
Total 100 


* Fisher and Johnson(6). 


statically controlled battery brooders with 
raised wire floors, and mature birds in individ- 
ual batteries. Feed and water were supplied 
ad lib.; weekly feed consumption was recorded 
for chicks and daily feed consumption for 
roosters. Blood was drawn for cholesterol 
analysis from the heart in the chick experi- 
ments and from the wing vein in the experi- 
ment involving mature birds. Plasma choles- 
terol was determined according to the method 
of Zlatkis et al.(7), as modified by Weiss and 
Fisher(8), using the stable iron reagent of 
Rosenthal and co-workers(9). 

Results. In each of the 3 experiments the 
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feeding of low protein diets (lot 1) was asso- 
ciated with increases in plasma cholesterol, 
when compared with lots fed conventional 
protein levels (lot 5) (Table II). Dietary 
saponin decreased blood cholesterol level in 
all cases. It should be pointed out that sa- 
ponin decreased, as expected, not only choles- 
terol-induced hypercholesterolemia, but also 
endogenous hypercholesterolemia caused by 
feeding low protein diets. Considering the 
large standard errors, it might be argued that 
reductions in plasma cholesterol due to feed- 
ing of saponins are relatively small; it should 
be pointed out, however, that a trend was es- 
tablished by showing such differences in every 
experiment. 

Feeding of saponin reduced weight gains of 
chicks (Table III); addition of cholesterol 


TABLE III. Weights of Chicks in Experiments 1 
and 2 at Time of Plasma Cholesterol Determina- 


tion. 

Exp. 1 ———_ Exp. 2 ——_,, 

Lot 24 days* 23 days 30 days 
1 LOGE OT 158 + 9 188 + 14 
2 ie ehes ikl Hsyb es Pier te 
3 (vie We) 119 + 4 140+ 5 
+ fe) aa" ts) 126 + 8 150 + 14 
5 280 + 26 258 + 8 351 + 16 


* Age of chicks. 
+ Mean wt (g) + stand. errors of mean. 


failed to overcome this reduction, though a 
tendency to diminish the depression may be 
present. Weight losses of roosters during the 
20-day experimental period averaged 400 g 
for lots 3 and 4 vs. 280 g for lots 1 and 2. 
Saponin (lots 3 and 4) reduced feed intake, 
as compared with lots 1 and 2, by 34% in 


TABLE II. Dietary Additives and Plasma Cholesterol Values of Chickens. 


Plasma cholesterol in mg % 


Exp. 1 Exp. 2 ~ r Exp. 3 ———\ 

Lot Additives to basal* 24 dayst 16 days 23 days 10 days 20 days 
1 None 253 + 15t 209+11 228+ 10 258+17 297+ 70 
2 .3% cholesterol 348 + 26 242+13 250+13 495+ 85 579+ 94 
3 .6% saponin§ 219 + 21 181+10 212+ 10 227+20 221+18 
4 .6% saponin & .3% cholesterol 295 + 27 219+18 229+ 21 290+ 80 376+ 60 
5 Protein|| 154 + 11 135+10 141+ 7 220+ 33 201+ 22 


* As % of total diet; replacing equal amounts, by wt, of cerelose. 


+ Days on experimental ration. 
+ Mean wt (g) + stand. errors of mean. 
§ Tannin-free saponin, 8. B. Penick and Co. 


\| Exp. 1 and 2, 18% assay protein C-1, .2% DL-methionine, and .2% glycine. Exp. 3, 22.5% 
soybean oil meal (50% protein) and .1% DL-methionine, 
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Exp. 1, 22% in Exp. 2, and by 9% in the 
rooster experiment. 

Discussion. In theory, saponins could ex- 
ert their cholesterol-complexing action either 
inside the intestinal lumen or in the blood 
after their absorption. However, absorption 
of significant amounts of saponin would prob- 
ably cause hemolysis(2,10) which was not ap- 
parent in these experiments. Furthermore, if 
complexing were to take place in the blood 
stream, cholesterol would be released from its 
complex with saponin during analysis and 
therefore would still be measured as plasma 
cholesterol. Hence, the reactions by which 
saponins reduce plasma cholesterol must oc- 
cur not in the blood, but in the intestinal lu- 
men. Peterson(11) suggested that an insol- 
uble sterol-saponin compound is formed in 
the digestive tract when cholesterol and sapon- 
ins are fed simultaneously. This could explain 
the depressing effect of dietary saponins on 
blood cholesterol, when the diet contains cho- 
lesterol. In an endogenous hypercholestero- 
lemia and with a cholesterol-free diet, the 
cholesterol in the intestinal tract originates 
from biliary and intestinal secretions. Ex- 
tending Peterson’s theory to endogenous cho- 
lesterol, one might explain lowering of blood 
cholesterol levels, as observed in lots 3 in each 
experiment, by failure to reabsorb part of this 
cholesterol due to its unavailability after com- 
plexing. 

Feed consumption data suggest that age 
might play a role in degree of depression of 
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feed intake with dietary saponin. Chicks put 
on saponin diets at the age of one week 
showed less depression than chicks started on 
diets at one day, and adult roosters seemed 
to be least affected. 

Summary. A study with growing chicks 
and adult roosters indicated that dietary sa- 
ponin will depress blood plasma cholesterol 
previously elevated by feeding low protein 
levels in presence and absence of dietary cho- 
lesterol. It is suggested that complexing of 
saponin with cholesterol secreted in the in- 
testinal lumen makes less cholesterol available 
for reabsorption from the intestinal tract. 
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Isolation of Toxic Factor 
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HERBERT A. RavIN, Fritz B. SCHWEINBURG AND JACOB FINE 
Yamins and Kirstein Laboratories for Surgical Research, Beth Israel Hospital and Dept. of Surgery, 
Harvard Medical School, Boston, Mass. 


Previous reports from this laboratory de- 
scribe several properties of hemorrhagic shock 
plasma which distinguish it from normal 


* Aided by grant from National Heart Institute, 
N.I.H., Bethesda, Md., and Office of Surgeon General, 
Wa Sm Army-s 


plasma, viz.: 1. Infusion of irreversible shock 
plasma is lethal to a reversibly shocked ani- 
mal, whereas infusion of normal plasma re- 
stores normal peripheral blood flow and leads 
to recovery(1). 2. Shock plasma induces the 
local and general Shwartzman reaction in suit- 
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ably prepared animals, while normal plasma 
does not(2). 3. Shock plasma is pyrogenic; 
normal plasma is non-pyrogenic(3). 4. Re- 
peated daily injections of small doses of shock 
plasma in normal animals induce tolerance to 
the pyrogen and resistance to hemorrhagic 
shock. Normal plasma is completely inert in 
these respects. 

These biologically significant properties 
suggest that the toxic factor in the plasma of 
the shocked animal is an endotoxin. The 
present report describes the isolation of this 
toxic factor from shock plasma, demonstrates 
its lethal potential, and discusses the basis 
for its identification as a bacterial endotoxin. 

Methods. Normal dogs and dogs in irre- 
versible hemorrhagic shock were exsangui- 
nated into heparinized flasks. The plasma was 
rapidly processed, as described earlier(2), by 
a modification of the technic of Boivin and 
Mesrobeanu(4) for the purification of bacte- 
rial lipopolysaccharides. The dialyzed polysac- 
charide fraction was concentrated to approxi- 
mately 1/100th of the starting volume of 
plasma by evaporation at 50-55°C under re- 
duced pressure (4-6 mm Hg). The concen- 
trated extract prepared from normal plasma 
was water clear, but the same fraction from 
shock plasma exhibited an amber color. The 
visible absorption spectrum of the shock 
plasma extract showed only a smooth rise in 
absorption coefficient from 700 my to 410 my, 
with no identifying peaks. No precipitate 
formed on addition of ethanol to normal 
plasma extracts. Shock plasma _ extracts 
yielded a colloidal white precipitate at 65% 
(v/v) ethanol concentration, and precipita- 
tion was complete at 75-80% (v/v) ethanol. 
The precipitate dissolved readily in distilled 
water or saline, and was shown in pilot experi- 
ments to contain all the toxicity of the crude 
extract. The solution of ethanol-precipitated 
toxin was water clear and colorless, indicating 
that the tan color of the crude extract was 
due to the presence of some other, non-toxic 
component of shock plasma. Ethanol frac- 
tionation was omitted in preparing the ex- 
tracts for the studies described below. The 
toxic propertiest of the extracts were investi- 
gated in reversibly shocked rabbits prepared 
as follows: an unanesthetized normal rabbit 
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was bled from a femoral artery, exposed under 
local anesthesia, into a heparinized reservoir 
which was elevated to maintain the blood 
pressure constant at 50 mm Hg. After 90 
minutes a volume of extract equivalent to 100 
ml of plasma from either a normal or shocked 
dog was injected into the femoral arterial can- 
nula, and washed into the circulation by re- 
turning all the reservoir blood to the animal 
immediately thereafter. The artery was li- 
gated and the animal observed for 48 hours. 
In our experience the return of all the shed 
blood to the animal after this degree and dur- 
ation of hemorrhagic hypotension is well tol- 
erated by rabbits, and has consistently re- 
sulted in survival of 90% or more of the ani- 
mals in many series. In this study the re- 
versibly shocked rabbits infused with the ex- 
tracts of normal plasma are taken as controls 
for the reversibly shocked rabbits infused with 
extracts of hemorrhagic shock plasma. 


Results. Thirteen extracts of shock dog 
plasma and 6 of normal dog plasma were in- 
dividually tested for toxicity in reversibly 
shocked rabbits, each extract being transferred 
to a single recipient only. All such recipients 
of the normal plasma extract recovered in re- 
sponse to transfusion of the reservoir blood, 
and showed no gross abnormalities when 
killed and examined 48 hours later. All such 
recipients of the shock plasma extract ex- 
hibited the usual initial pressor response to 
transfusion of the reservoir blood, yet all died 
within 6 to 24 hours, and showed changes in 
the intestinal tract characteristic of lethal 
hemorrhagic shock (Table I, Series I). 

A second series of 11 extracts of shock dog 
plasma and 6 extracts of normal dog plasma 
was then prepared and tested in the same way. 
All 6 recipients of normal plasma extract re- 
covered, but of the 11 recipients of shock 
plasma extract only 7 died. None of the sur- 
vivors in either group showed any gross ab- 
normalities on post-mortem examination, but 


+ Normal rabbits are not visibly affected by intra- 
venous injection of extracts of either normal or shock 
plasma. 
extracts of shock plasma induce a transient leuko- 
penia and febrile response in normal recipients, where- 
as extracts of normal plasma are inert in these re- 


Closer examination, however, reveals that 


spects. 
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TABLE I. Effect of Polysaccharide Fraction of Plasma from Normal Dogs and from Dogs 
in Prolonged Shock on Recovery of Recipients Exposed to Reversible Shock. 


-—Recipient response— 
‘0 


Series Donor* Dose (ml)t Survived Died survival 
I Normal (6) 100 6 0 100 
Irreversible shock (13) 2 0 13 0 
Ir Normal (6) x 6 0 100 
Irreversible shock (11) s 4 7 36 
NT Normal pool (6) 300 6 0 100 
Shock pool #1 (5) 100 il 2 33 
Shwartzman positive 50 1 2 
20 al 2 fi 
10 iL 2 % 
Shock pool #2 (5) 100 0 3 0 
Shwartzman positive 50 0 3 0 
20 0 3 0 
10 0 3 0 
Shock pool #3 (3) 100 3 0 100 
Shwartzman negative 75 2 0 = 


* No. in parentheses represents No. of animals in each donor category or No. of donors to 


each pool (Series IIT). 


+ Dosage of extract is expressed in ml of plasma from which it was obtained. Actual volume 
of extract administered to the rabbits ranged from 0.30 to 1.0 ml. 


all recipients of shock plasma extract which 
succumbed exhibited the typical pathological 
changes of irreversible hemorrhagic shock 
(Table I, Series IT). 

To account for the difference in response to 
the shock extract in the 2 series it became 
necessary to determine whether the 4 sur- 
vivals in the second series were due to (a) ab- 
sence of toxin in the donor plasma; to (b) in- 
creased resistance to toxin in the recipients; 
to (c) a combination of these 2 factors; or to 
(d) technical errors in the preparation of the 
extracts. For this purpose a third series of 
13 extracts of shock plasma and 6 extracts of 
normal plasma was prepared. The individual 
extracts in this series were first tested for the 
presence of endotoxin by their ability to in- 
duce the generalized. Shwartzman reaction in 
Thorotrast-primed rabbits, which are far more 
sensitive to endotoxin than are normal rab- 
bits(2,5). All extracts of normal plasma 
failed to induce the reaction. Ten of the 13 
extracts of shock plasma produced the reac- 
tion, but 3 did not, even when retested using 
larger aliquots. To correlate the response to 
the Shwartzman test with the response of re- 
versibly shocked rabbits to the plasma ex- 
tracts, and to test the possibility of variabil- 
ity in resistance of reversibly shocked rabbits 
to the toxin, the extracts were pooled as fol- 


lows: The normal plasma extracts were com- 
bined to form one pool; the 10 Shwartzman- 
positive extracts of shock plasma were grouped 
in 2 pools of 5 each, and the 3 Shwartzman- 
negative extracts of shock plasma were mixed 
to form a fourth pool. 

A dose of extract equivalent to 300 ml of 
normal plasma was uniformly non-toxic in 
each of 6 reversibly shocked rabbits. The first 
pool of shock plasma extract was administered 
in doses equivalent to 100, 50, 20 and 10 ml 
of shock plasma to groups of three animals at 
each dose level. Two of the 3 rabbits in each 
group died within 6 to 24 hours, with the typi- 
cal pathologic changes of irreversible shock. 
The second pool of shock plasma extract, 
tested in identical manner, was lethal to all 
recipients. The pool of Shwartzman-negative 
shock plasma extract proved non-toxic to all 
of 5 recipients in doses equivalent to 100 ml 
(3 rabbits) or 75 ml (2 rabbits) of shock 
plasma (Table I, Series III). 

It is clear from the observations on the first 
pool of shock plasma extract that recovery of 
a test animal may be due to supranormal re- 
sistance, since one-third of the recipients of a 
demonstrably potent extract survived. It is 
equally clear that resistance may vary by a 
dose factor of 10 or more, since one recipient 
survived ten times the dose of extract which 
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killed 2 other recipients. On the other hand, 
it is evident from the data on the pool of 
Shwartzman-negative shock plasma _ extract 
that the plasma of the shocked donor animal 
may, in some instances, be devoid of toxin. It 
is, therefore, impossible to determine whether 
the 4 recipients of the shock plasma extract in 
Series II which survived did so because they 
were unusually resistant to the toxin or be- 
cause the extracts were impotent. 


It is unlikely that technical errors in prepa- 
ration account for the non-toxic extracts of 
shock plasma. for these were prepared in par- 
allel with potent preparations in different 
runs, and because there is little opportunity 
for error in the simple method employed for 
isolation of the active material. 

Discussion. There can be little doubt that 
the extract of shock plasma, prepared as de- 
scribed above, contains most, if not all, of the 
toxin which’ appears in the blood during 
shock. This fraction, and whole shock 
plasma, can induce (a) fever and leukopenia, 
(b) resistance to the febrile response and re- 
sistance to hemorrhagic shock after repeated 
daily administration, and (c) the generalized 
Shwartzman reaction. This is strong pre- 
sumptive evidence for the very close similar- 
ity, if not identity, of the toxic material in 
shock plasma with bacterial endotoxin. The 
bacterial origin of this factor is strongly indi- 
cated by the absence of toxic activity in the 
plasma of endotoxin-resistant or antibiotic- 
pretreated animals in hemorrhagic shock(1). 
Isolation of the toxic activity of shock plasma 
in a dialyzed TCA-soluble fraction, and its 
further purification by precipitation with 
ethanol within limits of 65% to 75% (v/v) 
concentration, indicates that the toxin is a 
macromolecular polysaccharide or lipopoly- 
saccharide. Thus there is good agreement 
from chemical, biological, and pharmacologi- 
cal observations to substantiate the thesis that 
the toxic factor present in the plasma of the 
animal in shock which converts reversible to 
irreversible hemorrhagic shock is an endo- 
toxin. 

Many students are agreed that, irrespective 
of the experimental methods employed, the 
same mechanisms are evoked in all forms of 
shock, and that if the process continues unre- 
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lieved, it becomes self-perpetuating and even- 
tually unresponsive to all therapy. There ap- 
pears to be general agreement also with the 
thesis that the fundamental lesion in shock is 
a functional deterioration, and later perhaps 
also a morphological alteration, of the metar- 
terioles and venules. Finally, it is character- 
istic of shock that there is a delay, generally 
varying from a few hours up to about 18 
hours, between delivery of the lethal blow 
and time of death. Obviously, any agent pro- 
posed as the toxic factor responsible for the 
irreversible state of the circulation in shock 
should be capable of producing these charac- 
teristic features of the disorder. Bacterial en- 
dotoxin, with which we identify the toxin in 
the plasma of shocked dogs, is such an agent, 
because it is capable of (a) inducing shock, 
(b) sensitizing the metarterioles and venules 
to adrenalin, and thereby, if one or more 
MLDs are given, (c) precipitating irreversible 
injury to the peripheral circulation and death, 
usually after a lag period varying from a few 
hours up to 18 to 24 hours. 

It does not appear likely that the toxic poly- 
saccharide in shock plasma is a tissue polysac- 
charide with endotoxin-like properties, a pos- 
sibility suggested by Landy and Shear (6), be- 
cause (a) it makes its appearance too early in 
shock to accord with the degree of extensive 
cell breakdown implied in their thesis, and 
because (b) it is not present in animals even 
after six hours of shock pretreated with non- 
absorbable antibiotics. 

The fact that plasma extracts prepared from 
7 of 37 shocked dogs in this series were free 
of demonstrable toxic activity at a time when 
the shock was judged to be irreversible may 
seem inconsistent with the hypothesis that 
endotoxemia is the cause of irreversibility. 
The assumption that irreversibility was pres- 
ent when the dogs were exsanguinated is based 
on the observation from hundreds of experi- 
ments with dogs and rabbits that 80% of ani- 
mals in shock die in spite of transfusion if 
(a) the animal has been kept at maximal hy- 
potension (35 mm Hg in the dog, 50 mm Hg 
in the rabbit) for 6 hours, or (b) has taken 
40% or more of the shed blood back into its 
circulation from the reservoir. But the only 
positive proof of irreversibility is the death of 
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the animal. Since the dogs were killed by ex- 
sanguination in order to prepare the extracts 
it is impossible to predict which of them would 
have died and which would have survived. 
Since 10% to 20% do survive, one may con- 
clude that the survivors are unusually resis- 
tant to shock, just as there are other animals 
that are unusually vulnerable. Elsewhere we 
discuss the evidence for the thesis that the de- 
gree of resistance to shock depends on the 
status of the R.E. system, which is conditioned 
by the prior experience of the animal(7). Ac- 
cording to this thesis the R.E. system is pro- 
gressively depleted as shock persists, so that 
eventually the endotoxin being continuously 
absorbed can no longer be inactivated, and is 
then free to damage or destroy the respon- 
siveness of the peripheral vessels. Those few 
animals which survive an ordinarily lethal ex- 
posure to shock recover because they have 
“native resistance” or because they have ac- 
quired an increased resistance (to endotoxin 
and to shock) by prior exposure to endotoxin. 
They possess an R.E. System capable of in- 
activating far more endotoxin than the R.E. 
system of the average animal. Hence the ab- 
sence of demonstrable endotoxemia does not 
necessarily indicate that the animal in shock 
was not exposed to endotoxin, but rather that 
its R.E. system remained equal to the chal- 
lenge because of its greater initial detoxifying 
potential. 

It does not detract from the significance of 
the role of bacterial endotoxin in the patho- 
genesis of irreversible shock to recognize that 
endotoxin is only one of many factors with 
which the shocked animal must contend. 
The fact that germ-free rats appear to respond 
to shock in the same way as normal animals 
does not make the endotoxemia of animals in 
a normal environment either irrelevant or of 
secondary importance(12,13). For commen- 
salism with bacteria, especially in the gastro- 
intestinal tract, is the normal state of affairs. 

Nor is it safe to assume that endotoxemia 
can be excluded as a factor in germ-free rats. 
The first line of defense against endotoxin is 
the R.E. system, which removes approximately 
70-85% of injected endotoxin within a few 
minutes(8,9,10). There is ample evidence 
that R.E. system functions are initially de- 
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pressed by small doses of endotoxin(1). 
Germ-free animals of several species regularly 
exhibit a notable paucity of lymphoid and 
R.E. tissues. It is not surprising therefore 
that the germ-free animal is highly susceptible 
to bacteria, and succumbs following accidental 
exposure to relatively small inocula of com- 
monly encountered non-pathogenic bacteria. 
Successful resistance of the germ-free animal 
to the bacteria (or their products) in the nor- 
mal environment required a very carefully 
controlled period of adaptation to a diluted in- 
oculum of a single bacterial species(1la). The 
germ-free animal, therefore, appears to have 
a R.E. potential as weak as that encountered 
in the normal animal subjected to reversible 
shock or to “blockade” of the R.E. system by 
Thorotrast. The latter exhibits an astounding 
increase in vulnerability to endotoxin, and 
may be killed by as little as 10°° to 10°° part of 
the normal MLD/100(1). The absence of 
demonstrable viable micro-organisms in the 
tissues or environment of the germ-free animal 
does not exclude the presence of endotoxin, for 
endotoxin is almost certainly ingested with the 
sterile food provided these animals. Observa- 
tions on the specific antibody content of the 
germ-free animal support the contention that 
(a) bacterial endotoxin is ingested in the ster- 
ile diet, and (b) is absorbed from the gastro- 
intestinal tract in sufficient quantity to ulti- 
mately induce a low specific antibody titer to 
those bacteria present in the diet prior to 
sterilization(11b). It seems reasonable to 
suppose, therefore, that the germ-free animal, 
like the Thorotrast-blockaded animal, be- 
comes even more susceptible to absorbed 
traces of endotoxin when its already deficient 
R.E. system is still further burdened by the 
deficient blood flow of hemorrhagic shock. 


Summary. 1) Previous observations on the 
toxicity of plasma from animals in irreversible 
hemorrhagic shock were confirmed and _ ex- 
tended by the isolation of a toxic polysac- 
charide fraction from this plasma which can- 
not be isolated, under identical conditions, 
from normal plasma. The ability of this poly- 
saccharide fraction to elicit responses charac- 
teristic of bacterial endotoxins, and to convert 
the reversible to the irreversible state of hem- 
orrhagic shock has been demonstrated. The 
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ability of bacterial endotoxins, in turn, to 
elicit the lesions characteristic of shock, was 
reviewed. 2) Although the entire quantity of 
toxic polysaccharide circulating in the irre- 
versibly shocked animal is innocuous to a nor- 
mal animal, only a fraction of the total is suf- 
ficient to inflict lethal injury to an animal with 
its defenses already depleted by reversible 
shock. The mounting evidence for the pres- 
ence of endotoxemia in shock provides a logi- 
cal basis for incriminating the loss of func- 
tional integrity of the R.E. system in the de- 
velopment of irreversibility to transfusion in 
hemorrhagic shock, and for an understanding 
of the phenomenon of variation in resistance 
to shock under different conditions. The de- 
velopment of irreversibility to transfusion in 
hemorrhagic shock in the germ-free animal is 
discussed in the light of these considerations. 
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J. J. WREN AND HerscHet K. Mitcuett (Introduced by Albert Tyler) 
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We examined constituent lipids of 2 samples 
of human blood by chromatography on col- 
umns of silicic acid. One sample (A) was 
provided by a normal donor (male, age 44 
years) and the other by a xanthomatous pa- 
tient (male, age 11 years). The experiments 
on both samples were conducted simultane- 
ously, under conditions as nearly identical as 
possible. 

Methods. Blood was collected in evacuated 
bottles containing citrate anticoagulant solu- 
tion (62.5 ml), and within 5 min. was poured 
into a shaken flask containing m-propanol 
(800 ml) at —78°. After 2 hr at —20° the re- 
sulting mixture was filtered at 0°; the residue 
was then extracted successively with eight 100 
ml portions of propanol at room temp. The 
total extract was evaporated in a rotary evapo- 


* Phospholipids containing amino acids other than 
serine. Part II (Part I, ref. 1). This work was 
supported in part by grant from Nat. Sci. Fn. 


rator at <55°, the residue extracted with li- 
groin (b.p.<60°), and the lipid weighed after 
evaporation of this solution. It was then 
chromatographed on silicic acid (50 g, col- 
umn dia. 28 mm). The eluate was collected 
(200 hr) in fractions with a drop-counting 
collector (originally set to deliver 8.5 ml, but 
the size of fractions varied with lipid and me- 
thanol concentrations). The fractions were 
evaporated in a vacuum oven at <55°, the 
residues weighed, and the elution curves A 
and B (Fig. 1) then plotted. The fractions 
were grouped for chemical study. Seven pa- 
per chromatograms of each group were made, 
using as solvent propanol: 0.25 N aqueous 
ammonia: acetone (4:1:1, v/v), which rapid- 
ly separates lipids from more polar materials 
(1). The results of tests applied to these 
chromatograms are shown in Table I, together 
with findings after hydrolysis(1). Scherer 
(inositol) and Pettenkofer (bile acid) tests 
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FIG. 1. Elution curves. The eluant was chloroform, followed by increasing percentages (v/v) of 
methanol in chloroform, applied as shown. 


were applied directly to water-soluble hy- 
drolysates. 

Results. Elution curves show 18 peaks, 
none of which, except possibly No. 16, can be 
accounted for by the effect of a solvent change 
on the “‘tail” of its predecessor. Peak No. 11 
is due to urea, and succeeding peaks obviously 
contain varying quantities of glucose and free 
amino acids, all of which had been rendered 
soluble in ligroin solution by lipid. The chemi- 
cal data indicate that some peaks contain 
more than one type of lipid, and it can be de- 
duced that whole blood contains about 20 
types. 

Assuming additivity of volume of anticoag- 
ulant solution, the volume of sample A was 
199.5 ml. Propanol extraction yielded 1.817 
g ligroin-soluble material, and subsequent 
Soxhlet extraction (chloroform, 4 hr) only a 
further 0.015 g, leaving 46.9 g defatted resi- 
due. Recovery of weighed lipid after chro- 
matography was 87% (no allowance for losses 
on walls of collection tubes). The corre- 
sponding figures for sample B were: 192.5 ml, 
2.338 g, 0.011 g, 37.8 g, 89%. The weights 
of material accounting for each peak were 
determined for both samples, and compared 
as weights/100 ml blood and /100 g defatted 
residue. Bearing in mind the considerable 
variations in blood composition known among 
normal samples(7), we found no striking di- 


vergence between these quantitative results 
for A and B. However, as anticipated, the 
sample (B) from the xanthomatous patient 
contained somewhat larger amounts of choles- 
terol esters and cholesterol than sample A. 
(Cholesterol esters: A, 932;~B, 1394. Cho- 
lesterol: A, 431; B, 717 mg/100 g defatted 
residue.) Since no information is available 
on the biochemical significance or variability 
of bound amino acid composition of lipids in 
general, no comment can be made upon such 
differences observed between lipid fractions 
from A and B. 


Comprehensive by present standards, these 
results confirm the usefulness of the methods 
of extraction and chromatography employed. 
However, there are shortcomings which de- 
serve consideration, such as column _per- 
formance; and, more serious, elution with li- 
pids of non-lipid contaminants. These should 
preferably be removed before chromatogra- 
phy. Our experimental methods will be de- 
scribed in detail later. 


Summary. Chromatography on silicic acid 
is a powerful tool for separation of blood 
lipids. In one experiment, about 20 different 
lipids may be detected; some of these remain 
unidentified. 


The authors are grateful to Drs. J. R. Scholtz and 
D. S. Shillam of Pasadena, Calif., at whose sugges- 
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tion this work was undertaken, and to Mr. R. M. 
Thornton, who gave technical assistance in the early 
stages. 
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Presence of An Active Erythropoietic Factor (Erythropoietin) in Plasma 


of Rats after Prolonged Cobalt Therapy.* 


(24374) 


THomas E. BRown AND Howarp A. MEINEKEt (Introduced by Roger C. Crafts) 
Department of Anatomy, University of Cincinnati College of Medicine, Cincinnati, O. 


Ability of cobalt to stimulate erythropoiesis 
has been demonstrated repeatedly(1). The 
mechanism of its action on red cell formation, 
however, is not clearly understood. Warren 
et al.(2) have presented evidence that cobalt 
does not stimulate bone marrow by local 
anoxia as had been previously believed. Re- 
cently Goldwasser et al.(3) demonstrated that 
cobalt would stimulate production of eryth- 
ropoietin, or similar erythropoietic plasma 
factor, and suggested that in this manner co- 
balt exerts its effect on erythropoiesis. These 
workers demonstrated recently(4) that eryth- 
ropoietin could be found in plasma in greatest 
amounts 12 hours after single injection of co- 
balt and returned to normal 72 hours later. 
This material had gross properties the same 
as those of active substances from phenylhy- 
drazine treated rats. Our experiment was 
conducted to determine whether or not eryth- 
ropoietin production was still being stimulated 
after prolonged cobalt therapy, and to com- 
pare any effect obtained to the activity of 
plasma of rats in which erythropoietin pro- 
duction had been stimulated by bleeding. 

Methods and materials. Rats used were 
females of Sprague-Dawley strain. Hema- 
tocrit determinations were made using Van 


* This investigation was supported by grant from 
Nat. Inst. of Arthritis and Metabolic Diseases, N.I.H. 

+ The authors are indebted to Dr. Roger C. Crafts 
and Dr. Robert C. Krueger for their help and sug- 
gestions. 


Allen tubes (no diluent) and spun 1 hour at 
2,000 rpm. Plasma from coba!t treated rats 
was dialysed to remove excess cobalt as fol- 
lows. Ten parts plasma plus 1 part buffered 
NaCN solution (50 ml 0.2M K,HPO, + 260 
mg NaCN diluted to 100 ml) was dialysed 
against a dilute NaCN solution of pH 7.5 
(same as above but diluted to 1 | with 0.9% 
NaCl). Dialysis was carried out in mechani- 
cal agitator 4 days at 2°-4°C; the dialysate 
was changed daily and saved. The plasma 
mixture was then dialysed against 0.9% NaCl 
7 more days to remove cyanide. A portion of 
normal plasma was similarly treated. To de- 
termine effectiveness of dialysis on cobalt re- 
moval, chemical analyses} were made on sam- 
ples of dialysed plasma, and dialysates from 
treated rats, and plasma from normal rats as 
follows. A 20 ml sample was placed in plati- 
num dish, covered and heated in muffle oven 
for 16 hours at 500°C. After cooling to room 
temperature, 3-5 ml of 70% perchloric acid 
were added dropwise to the charred residue 
and mixed. This was dried slowly to a grey- 
white residue which was returned to the par- 
tially cooled oven, heated 1 hour at 600°C, 
then cooled to room temperature. 5 ml of 
50% HCl and 2 ml of distilled water were 


$+ The method described is a medificaticn, devised 
by D. M. Hubbard of Kettering Laboratories, Cincin- 
nati, O., of nitroso-R-salt technic. The authors wish 
to thank Mr. Hubbard for use of his facilities and his 


@& supervision of analyses. 
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added; this was neutralized, using phenol- 
phthalein indicator, with 20% NaOH. 2 ml 
Spekker acid, 10 ml 0.1% aqueous nitroso salt 
solution and 10 ml of 50% sodium acetate tri- 
hydrate were added, the solution brought to 
boil, then 5 ml of concentrated HNO; were 
added and boiling continued 2 minutes. This 
mixture was diluted to 50 ml with distilled 
water, placed in Beckmann spectrophotometer 
set at 510 my, and optical density differences 
between sample and reagent blank were ob- 
tained. A series of standard solutions of 0 to 
100 ug, in 10 wg intervals, were used to estab- 
lish a standard curve from which the amount 
of cobalt in the sample was estimated. All 
chemicals were reagent grade Mallinckrodt 
compounds. Cobalt concentration for sam- 
ple of normal plasma was 0.18 ug/ml as com- 
pared to 0.20 ng/ml for the dialysed plasma 
from cobalt treated rats indicating essentially 
normal levels had been obtained by dialysis. 
Since plasma was limited, only one determina- 
tion was made in each case. Analyses of 
dialysates showed more cobalt/unit volume 
of plasma from cobalt treated rats than from 
normal, showing excess quantities of cobalt 
were contained in treated rats’ plasma and 
had been removed by dialysis. Erythropoi- 
etic activity was determined in hypophysecto- 
mized female rats. Plasma was concentrated 
in a Todd freeze dry apparatus to a small vol- 
ume and diluted with distilled water until 1 
ml of final concentrate equalled 6.6 ml original 
plasma. Twenty-four hours prior to testing, 
0.1 ml cardiac blood was taken to establish 
control levels. 1 ml of concentrated plasma 
was injected subcutaneously for 3 days; 24 
and 48 hours later 0.1 ml cardiac blood was 
taken for study. Reticulocyte counts of 
smears stained by the New Methylene Blue 
method of Brecher(5) were used as indices of 
erythropoietic activity. 

Procedure and results. Plasma was ob- 
tained via heart puncture from 4 groups. of 
donor rats. (A) Normal control rats—aver- 
age hematocrit 43% (range 39-46%); (B) 
hemorrhagic anemic animals—plasma_ ob- 
tained one day after 3 daily bleedings from 
the tail of approximately 3 ml—average hema- 
tocrit 18.5% (range 13-25%); (C) cobalt 
treated rats—injected subcutaneously daily 


Reticulocytes in Percent 


A 8 c Dee 
Figsie Way Normal Bled Normal Cobalt inj. (dialyzed) Normal dialyzed 
Number Recipients 8 8 7 3 
Hematocrit (%) 43 18.5 493 _-- 


FIG. 1. Reticulocyte response of hypophysectomized 
rats to injections of 3 cc of non-dialysed plasma con- 
centrated 6.6 times obtained from normal rats (A), 
and bled normal rats (B), and concentrated dialysed 
plasma from cobalt injected rats (C), and normal 
rats (D). C= control values (before inj.) ; 24 = 24 
hr after last inj.; 48 =48 hr after last inj. Vertical 
arrows = standard error; S =significantly (Fisher’s 
“t”) different than controls; NS —not significantly 
different than controls. Note: one rat in group C 
showed markedly elevated reticulocyte levels of 10.5 
and 6.3% and was not included in the averages. 


with 0.2 mg elemental cobalt (as cobaltous 
chloride) for 10 days and increased to 0.3 mg 
for 16 more days—plasma taken within 8 
hours of last injection—average hematocrit 
49% (range 45-57%); (D) control rats for 
group C—plasma treated identically. 

Fig. 1 shows results of injections of concen- 
trations of above plasmas into hypophysecto- 
mized recipients. The results show that con- 
centrates of normal plasma (group A) caused 
a reticulocyte increase of 148 and 132% above 
pre-injection levels 24 and 48 hours respec- 
tively following the end of injections. Dia- 
lysed plasma from normal non-treated animals 
(group D) showed increases of 137% above 
normal 24 hours after final injection and 78% 
after 48 hours. The latter figure is not sta- 
tistically significant. These figures are simi- 
lar to those for normal non-dialysed plasma 
and indicate that cyanide dialysis in itself did 
not have a significant effect on erythropoietic 
potential of plasma. Concentrated plasma 
from hemorrhagic anemic animals (group B) 
increased reticulocyte levels 61.5 and 151% 
above the response to normal plasma (group 
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A) after 24 and 48 hours respectively. These 
differences were statistically significant. Plas- 
ma from cobalt treated rats (group C) caused 
elevation in reticulocyte level 36.4 and 54.5% 
above the response to normal plasma (group 
A) for the 2 time intervals studied. The dif- 
ference between the 2 groups at 24 hours was 
statistically significant; the difference at 48 
hours, although similar in magnitude, was 
not statistically significant. 

Discussion. Our data substantiate the 
finding by Goldwasser ef al.(3) that cobalt 
stimulates formation of a circulating erythro- 
poietic active substance, and furthermore 
demonstrate that erythropoietin is still being 
formed after prolonged treatment. That the 
response is due to increased levels of cobalt 
in plasma of treated rats has been eliminated. 
Goldwasser ef al. added cobalt to normal 
plasma to establish control values. Utilizing 
the fact that erythropoietin is non-dialysable 
(6) we reduced cobalt levels to normal by 
cyanide dialysis. 

Reticulocytosis induced by plasma from 
cobalt treated rats was smaller than that by 
plasma from bled rats. This probably indi- 
cates a circulating level of erythropoietin less 
than in acutely anemic rats but greater than 
in normal. This observation correlates well 
with the fact that weeks are required to in- 
duce significant elevations of hematocrit by 
cobalt therapy. Evidence that erythropoietin 
is being formed after prolonged cobalt treat- 
ment suggests this is the mechanism whereby 
cobalt induces a polycythemia. Anemia of 
bleeding will repair in time, presumably due 
to action of increased levels of erythropoietin. 
It seems possible that a similar mechanism 
is working in the case of cobalt polycythemia. 
Here cobalt given to an animal already having 
a normal blood picture, or even an anemia(7), 
may stimulate erythropoietin production and 
if continued long enough increases the eryth- 
rocyte picture above normal. Whether the 2 
erythropoietic substances in the 2 instances 
are identical is still problematical. 

Injection of both dialysed and non-dialysed 
samples of concentrated normal plasma in- 
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duced significant increase in reticulocyte lev- 
els. Perhaps this response is due to the pres- 
ence of active erythropoietic factor normally 
found in the plasma, the presence of which has 
been revealed by the near 7-fold concentration 
of the plasma. 


Summary. 1) Plasma was obtained from 
hemorrhagic anemic rats and from rats in- 
jected with cobalt for 26 days for determina- 
tion of erythropoietic activity. Cobalt con- 
centration of plasma from cobalt treated rats 
was lowered to normal levels by dialysis 
against isotonic phosphate-cyanide solution 
of pH 7.5. The level of cobalt in plasma was 
determined by modification of the nitroso-R- 
salt method. 2) Plasma to be injected was 
concentrated 6.6 times in vacuo. The erythro- 
poietic activity was tested, using reticulocyte 
changes as index of activity, in hypophysecto- 
mized rats injected subcutaneously with 1 cc 
of concentrated plasma for 3 consecutive days. 
Reticulocyte counts were made 24 and 48 
hours after end of injections. Plasma from 
anemic animals caused increase of reticulo- 
cytes to 61.5 and 151% (24 and 48 hours re- 
spectively) above values obtained from injec- 
tions of plasma from normal rats. Injections 
of “cobalt treated” plasma increased the level 
of circulating reticulocytes to 36.4 and 54.5% 
above values obtained from injecting plasma 
from normal rats for similar time intervals, 
and demonstrates that erythropoietic activity 
of plasma is increased in rats receiving pro- 
longed cobalt therapy, and that the activity 
is not due to increased levels of cobalt. 
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Glycogen Content in Normal and Hypertrophied Rat Heart.* 
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RONALD DRasNIN, JAMES T. Hucues, R. F. KrausE anv E. J. VAN LIERE 
Depts. of Biochemistry and Physiology, W. Va. University Medical Center, Morgantown 


It has been established(1,2,3) that glucose 
is one of many substrates which may provide 
energy for contraction of cardiac muscle. The 
degree to which oxidation of glucose contrib- 
utes to energy requirements of the heart is af- 
fected by physical activity, state of nutrition 
and endocrine balance(3). Cardiac muscle 
glycogen is maintained.at a remarkably stable 
level under conditions of increased cardiac 
stress associated with hypoglycemia(3), but 
varies with excessive stimulation such as se- 
vere anoxia and administration of epinephrine 
or thyroxin. The following experiments in- 
dicate that cardiac hypertrophy caused by 
exercise increases the glycogen content of rat 
hearts. 

Methods. It has been demonstrated that 
cardiac hypertrophy can be produced experi- 
mentally in animals(4,5,6). In the present 
experiment, 22 male albino rats (Wistar 
Strain) were used. The animals were ran- 
domly divided into control and experimental 
groups of 11 each, weighing average 306 (242- 
353) and 280 (256-327) g respectively. All 
were fed Ranger Dog Pellets ad lib. The ex- 
perimental rats were exercised at one mile/ 
hour on motor-driven treadmill. On the first 
day, they were exercised two 15 minute pe- 
riods with interval of 4 hours between periods. 
This time was doubled each day thereafter 
until they were running 2 one hour periods 
with interval of 4 hours between periods. 
Such a daily schedule was followed for 6 
days a week until a total of 64 hours of run- 
ning time was achieved(6). At the end of 
this period, both experimental and control 
rats were fasted 24 hours, weighed, and anes- 
thetized with sodium phenobarbital. The 
thorax was opened, the heart removed, 
trimmed, drained and blotted free of blood 
and frozen by compression between blocks of 
dry ice. This procedure was completed within 
30 seconds. The hearts were stored at —20°C. 


* We express our thanks to the following for tech- 
nical assistance: William G. Gillespy, William R. 
Jones and M. Neil Rogers. 


No change in content of glycogen could be de- 
tected as the result of this storage. The 
hearts were ground at approximately O°C in 
a Potter-Elvehjem Homogenizer. Aliquots of 
the homogenate were taken for determination 
of glycogen by the method of Kemp and Van 
Heijningen(7). Duplicate samples were run 
on each heart. All samples were taken from 
the ventricular myocardium. 

Results. Cardiac hypertrophy was pro- 
duced by exercise. This hypertrophy was de- 
termined by comparing mean heart wt/body 
wt. ratio of experimental and control groups. 
The mean HW/BW ratio of the experimental 
group was 3.84 (3.09-4.22) as compared to 
3.13 (2.72-4.10) for the control group. Cal- 
culation of the “t’? value (4.14) shows this 
difference to be statistically significant. Mean 
concentration of glycogen in the experimental 
and control group was 717 + 39 and 499 + 
66 mg/100 g of cardiac tissues respectively. 
A “t” value of 3.93 shows a significant dif- 
ference between glycogen concentration of 
control and experimental groups. 


Discussion. The results indicate that exer- 
cise produces a significant cardiac hypertro- 
phy in albino rats as found previously in this 
laboratory(4). Our data indicate that there 
is a significant increase in concentration of 
cardiac glycogen in hypertrophied rat hearts 
as compared with normal controls. The in- 
crease in cardiac glycogen is an interesting 
observation since a distinguishing feature of 
cardiac muscle is its stable glycogen content. 

Summary. 1. Cardiac hypertrophy was 
produced by exercise in albino rats. 2. There 
was a significant increase in concentration of 
glycogen in rat hearts with cardiac hypertro- 
phy. 
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Influence of Reticulo Endothelial Blockade on Turnover Rate of Homolo- 


gous Plasma Proteins in Mice. 


(24376) 
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(Introduced by B. W. Zweifach) 


Department of Pathology, New York University College of Medicine 


Studies on formation of plasma proteins 
have established that parenchymal cells of 
liver are the main site of synthesis of serum 
albumin, a and 8 globulin and fibrinogen(1) 
and that part of the 8 globulin and all of the 
y globulin is formed by basophilic cells 
(plasma cells) in lymphoid tissue and bone 
marrow(2,3.4). However, the cells primarily 
responsible for the catabolism of plasma pro- 
teins have not been identified. Cells of the 
reticulo endothelial system, particularly those 
localized in liver and spleen, are specialized 
to phagocytize different substances like car- 
bon particles(5,6), bacteria, saccharated iron 
oxide(6), and cholesterol(7). Previous ex- 
periments have shown that heat denatured 
serum proteins(8), or proteins denatured by 
other methods, are taken up by the reticulo 
endothelial cells. It was demonstrated that 
such proteins can compete with clearance of 
carbon particles from blood by these cells(9). 
Possibly cells of the reticulo endothelial sys- 
tem also have a function in catabolism of nor- 
mal, circulating serum proteins. Therefore, it 
was decided to study whether an impairment 
of the clearing function of the reticulo endo- 
thelial system by blockade would affect the 
turnover rate of S** labelled homologous 
plasma proteins. 

Materials and methods. Mice were used 
because turnover rate of their serum proteins 
is so rapid that, in a comparatively short time, 
these experiments could be carried out through 
several serum protein half lifes. The use of 
internally S** labelled proteins seemed ad- 
visable, since externally labelled iodinated pro- 
teins may contain fractions that are slightly 
denatured and, therefore, handled differently 


by the animals. R.E.S. blockade. During ex- 
periments, blockade of R.E.S. was maintained 
by intravenous injections of 1 ml/100 g of a 
25% solution of thorium oxide (thorotrast*) 
every 48 hours. In the first part of the ex- 
periments, effectiveness of such a blockade 
was investigated in about 20 animals. Car- 
bon clearance rates were determined in groups 
of mice every 24 hours during 5 days of the 
experiment. Extent of blockade was investi- 
gated by measuring rate of clearance from 
blood of a colloidal carbon suspension (C11- 
1431 at, particle size 250 A), prepared as 
described previously(5). In these mice a dose 
of 16 mg carbon/100 g of body weight was 
used. Blood samples of 0.025 ml were taken 
from the retro-orbital venous plexus at various 
time intervals after intravenous injection of 
carbon. Carbon concentration in the samples 
was measured spectrophotometrically at 675 
mp wave length. It has been shown that rate 
of phagocytosis of a carbon suspension as re- 
lated to time follows an exponential equation 
K= C.-C; 


, where K is a measure of phago- 


cytic activity for the injected dose. Clear- 
ance curves were drawn for each animal and 
values for K calculated according to this equa- 
tion. Mean values for K in control animals 
and in blocked animals at specific times are 
recorded in Fig. 1. Values of K in blocked 
animals are much smaller than those observed 
in control mice. This shows that an effective 
blockade of the R.E.S. has been successfully 
maintained during the experiment, when turn- 


* Testagar, Ohio. 
+ Gunther Wagner, Hannover. 
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FIG. 1. Effect of blockade on turnover rate of in- 
ternally S® labelled plasma protein. Arrows indicate 
thorotrast injections. Upper part of Fig. represents 
plasma protein turnover in thorotrast blocked and 
contol mice. Lower part shows carbon clearance 
rates (K) in groups of mice receiving the same thoro- 
trast treatment. Phagocytic indices K are recorded 
for the dose of 16 mg carbon/100 g. Broken hori- 
zontal line indicates lowest value obtained in control 
group. 


over of plasma protein was measured. Twurn- 
over rates of plasma proteins. Two mice were 
injected with 180 mg methionine containing 
1.5 mc of S*°. Four injections were given in- 
traperitoneally in 20 hours. The mice were 
bled 8 hours after last injection and heparin- 
ized plasma harvested. A volume of 0.05 ml of 
plasma, diluted to 0.25 ml and containing 
100,000 c.p.m., was injected intravenously 
into each of 10 mice. Five mice were used as 
controls and another 5 received a blockade 
treatment similar to the one described above. 
In all animals daily blood samples were 
drawn, starting 24 hours after intravenous 
administration of S*° labelled plasma proteins. 
The first thorotrast injections were given im- 
mediately after first blood samples had been 
obtained. Thorotrast injections were repeated 
every 48 hours for a total of 3 doses. Sampling 
technics. Mice were bled from the retro- 
orbital venous plexus with a calibrated glass 
pipet previously heparinized and _ dried. 
Blood samples of 0.05 ml were obtained and 
centrifuged in capillary tubes. After separa- 
tion of cells and plasma by centrifugation, 0.01 
ml plasma samples were plated, usually in du- 
plicates, in steel planchets. After drying at 
96°C they were counted in a Geiger Miiller 
counter. For each animal radioactivity was 
expressed as percentage of radioactivity that 
existed in plasma when the first sample was 
taken, the latter being considered as 100%. 


Mean values for each group of 5 animals are 
plotted in Fig. 1. After the last plasma sam- 
ples were taken, control and blocked mice 
were injected with 16 mg of carbon/100 g 
body weight and rates of carbon clearance 
determined. The mean value for K, calcu- 
lated from these clearance curves, is recorded 
in Fig. 1 as the K value at 120 hours after 
first thorotrast injection. 

Results. The results in Fig. 1 show that 
injection of thorotrast every 48 hours main- 
tains an effective reduction of ability of R.E.S. 
to clear colloidal carbon particles from blood. 
While values for K in control animals varied 
from 0.027 to 0.070, those for the blocked 
animals varied from 0.004 to 0.009 and at end 
of experiment from 0.007 to 0.016. 


Yet the turnover rate of homologous plasma 
protein was not decreased but, instead, was 
either normal or somewhat faster in the 
blocked than in the control mice. The value 
obtained in the control mice for the half life 
of total plasma protein was 37 hours, as com- 
pared to 30 hours in the thorotrast treated 
animals. 

Treatment with thorotrast caused other 
changes that should be mentioned. The mice 
lost, on the average, 4 g body weight in the 
6 days. Liver size increased from an average 
of 1.4 to 2.0 g and spleen size from 190 to 
440 mg. This illustrates the considerable pro- 
liferative response observed when attempts 
are made to block the R.E.S. 

Discussion. The 37 hours half life ob- 
served for total plasma proteins in normal 
mice is in complete agreement with what has 
been described for I'*! labelled homologous 
serum proteins in mice by Dixon et al.(10,11). 
The observation that blocked mice showed a 
half life of 30 hours indicates that repeated 
injections of colloidal particles, which reduce 
clearing ability of R.E.S., do not reduce rate 
of plasma protein turnover but rather seem 
to cause an increase of this rate. These re- 
sults are in agreement with the observations 
of Freeman et al. in carbon blocked rats(12). 
It is possible that increased catabolism, evi- 
denced by loss of weight, may be responsible 
for the somewhat shorter half life of plasma 
proteins in blocked animals. The extent to 
which a possible enhanced excretion of pro- 


MAGNEsIuM DEFICIENT Dret AND Rat BLoop 


teins in urine could be a factor has not been 
investigated. 

It appears, then, that denatured and non- 
denatured serum proteins are not removed by 
the same mechanism, since rate of clearance 
of denatured proteins is very much altered by 
previous blockade of the R.E.S.(13,14). 

Our data do not exclude that R.E.S. plays a 
part in turnover of plasma protein, but merely 
indicate that, if it does so, it is not through 
the same mechanism by which it usually 
handles colloidal suspensions. It is likely, 
however, from the work of Gordon(13), with 
perfusion of isolated livers from rats, that nor- 
mal serum proteins are not predominantly 
broken down in the liver where the most ac- 
tive part of R.E.S. is found(6). 

It seems, therefore, that other cells or pos- 
sibly all body cells(16) are involved in this 
process. The observations of Coons(15) 
showing localization of normal foreign serum 
proteins in the parenchymal cells of organs 
like liver, kidneys and adrenals and in vas- 
cular endothelium, are in favor of this inter- 
pretation, though, of course, the fact that cells 
take up protein may not mean that they cata- 
bolise it. 

Summary. 1) It was shown that 3 intra- 
venous injections of thorotrast every 48 hours 
could induce an effective reticulo endothelial 
blockade in mice over 1 week. 2) S*° labelled 
mouse plasma proteins were transferred intra- 
venously to 2 groups of 5 normal mice and 5 
mice which then received such blockade treat- 
ment. 3) The average half life of labelled 
plasma proteins was 37 hours in the normal 


441 


and 30 hours in the blocked mice. 4) The 
significance of these findings, as related to a 
possible function of the reticulo endothelial 
system in catabolism of plasma proteins, is 
discussed. 
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Blood Leucocyte Response in Rats Fed a Magnesium Deficient Diet.* 
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Dept. of Anatomy, George Washington University School of Medicine, Washington, D.C. 


The magnesium deficiency syndrome in ex- 
perimental animals is well known and repro- 
ducible(1,2,3,4). In the course of experiments 
designed to study the effects of magnesium 
deficiency, marked changes in blood leuco- 
cyte counts were observed which to our knowl- 


edge have not been previously reported. A 
general leucocytosis, which reached a peak 


* Supported in part by grant from Washington 
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+ Present address: Dept. of Anatomy, Univ. of 
Southern California, Los Angeles. 


442 


MaGNESIUM DEFICIENT Diet AND Rat BLoop 


TABLE I. Blood Counts of Rats on Control and Magnesium Deficient Diets. 


Day 1 
Total WBC Cont. 12,285 + 753* (10) 
(cells/mm*) Def. 12,285+ 753 (10) 
Eosinophiles Cont. 80+ 9.8 (23) 
(cells/mm*) Def. 74+ 2.5 (23) 
Mononuclear leuco- Cont. 10,8357 + 817 (10) 
eytes (cells/mm?) Def. 10,357+ 817 (10) 
Neutrophiles Cont. 1871 +160 (10) 
(cells/mm?) Def. 1871 +160 (10) 


Day 8 Day 15 

18,105 +1590 (19) 24,108+ 2790 (18) 
42,835 +3740 (18) 30,693 + 2520 (16) 
136+ 16.4 (32) 260 + - 35.2 (29) 
9014 137 (32) 391 + - 63.5 (29) 
13,737 +1250 (19) 19,335 + 2580 (18) 
27,881 +1740 (18) 23,379+ 2540 (16) 
4232+ 690 (19) 4413 + 610 (18) 
14,311 + 2330 (18) 6832 — 990 (16) 


* Stand. error. 


during the hyperemic phase of the deficiency 
syndrome, was observed. While all of the 
white elements increased in number, the 
eosinophiles were elevated considerably more. 

Materials and methods. Male rats of the 
Wistar strain, weighing 70-100 g, were fed 
synthetic diets and distilled water ad libitum. 
The composition of the diets was as follows: 


Jo Salt composition g 
Dextrose 58 NaCl Bs 
Casein 22 CaCO, 25; 
Wesson oil 12 CaHPO, iby 
Vitamin t 3 KH,PO, 30. 
Salt 5 FeSO, 7H,O Oe 
MgSO,§ lbs 

KI ail 


Blood counts were taken on days 1, 8 and 
15. Blood was obtained from the tail for all 
counts. Blood for eosinophile counts was di- 
luted 1:20 with Speirs-Meyer’s diluting fluid 
(4) and counted on the Speirs-Levy counting 
chamber (0.2 mm deep). Blood for total 
WBC counts was diluted 1:20 with 1% acetic 
acid solution. Differential counts were made 
on blood smears stained with Wright’s stain. 
Each day from 4th to 15th day, the ears of 
each rat were indexed for hyperemia. The 
following criteria were used for the index: 


1+ = Hyperemic at base of one ear. 
2+ = Hyperemic at base of both ears, or 
completely on one ear. 


3-+ = Hyperemic at base of one ear and com- 
pletely on other ear. 
4-++ — Hyperemic completely on both ears. 


¢{ Vitamin diet fortification mixture, Nutritional 
Biochemicals Corp. 

§ Replaced with dextrose in magnesium deficient 
diet. 


No. in parentheses == No. of rats. 


Results. The animals on the control diet 
gained weight normally and appeared to be 
in good health, while those on the magnesium 
deficient diet gained weight slower and lost 
some weight during the third week of the diet. 
After 20 days on the deficient regimen they 
began to die, usually in a convulsion which 
was spontaneous or induced by a sudden noise. 

Hyperemia of the ears began to develop on 
the 4th day of the diet when 12% of the rats 
exhibited 3+ to 4+ ear response. On the 
8th day 48% of the deficient rats developed 
hyperemia of the ear (3+ and 4+) ear re- 
sponse. By the 15th day no rats exhibited hy- 
peremia. Although the daily hyperemia in- 
dices of the entire group of 56 rats spanned 
from the 4th day to the 15th day, the time of 
development and blanching of hyperemia in 
each rat differed. Thus the duration of hy- 
peremia in the individual rats ranged from 0 
to 9 days with an average span of 4 days. 
Out of the 56 rats examined for hyperemia, 6 
rats did not develop this condition at all. 


Contrary to the gradual rise of total WBC 
counts in the control group, the counts in the 
magnesium deficient group increased about 
2.4 times the control on the 8th day. This in- 
crease in total WBC was due to increase in the 
3 cell types—mononuclear leucocytes, neutro- 
philes, and eosinophiles. All cell types were 
significantly higher (P=<.01) on the 8th 
day. 

The mononuclear leucocytes increased 
about 2 times its control values while the neu- 
trophiles increased about 3.4 times its control 
value. The eosinophiles increased relatively 
more than any of the other white blood cell 
types, being 6.6 times its control value for the 
8th day. By the 15th day the counts of these 
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3 cell types and total WBC returned toward 
the control values although they were slightly 
higher. 

Discussion. The results indicate that the 
leucocytosis which develops in animals fed a 
magnesium deficient diet is coincident with 
development of hyperemia of the ears. Dur- 
ing this phase of the magnesium deficient 
syndrome Tufts and Greenberg(2) reported 
that plasma magnesium concentration is at 
its lowest, a slight rise occurring with disap- 
pearance of the hyperemia. Belanger et al. 
(3) has recently reported that dermal mast 
cells are degranulated during the hyperemic 
phase of magnesium deficiency followed by 
regranulation with the disappearance of hy- 
peremia. 

It seems likely that these observations are 
interrelated. Belanger et al.(3) suggested 
that sudden deprivation of magnesium results 
in histamine liberation from mast cells which 
may be the cause of the hyperemia. The low 
magnesium levels, or histamine release, or 
both, may be the cause of the leucocytosis 
which occurs during this phase, especially the 
eosinophilia. 

In the present report, the blood counts for 
all rats for day 8 were grouped regardless of 
the hyperemic state of the ears. If only those 
rats with 3+ to 4+ ear scores are considered, 
the leucocyte counts, especially that of the 
eosinophiles, average considerably higher. In 
this case, the eosinophiles were 1480/mm*, 
mononuclear leucocytes 29,400/mm*, and neu- 
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trophiles 16,400/mm*. The eosinophile counts 
were now 11.6 times their respective control 
value, while mononuclears were 2.1 times the 
control value and neutrophiles 3.9 times their 
control value. Obviously, the eosinophiles 
were elevated relatively more than the other 
leucocytes. 


It is known that the leucocyte count in rats 
increases with age from the immature to adult 
stage. However, the control leucocyte counts 
reported here increased slightly more than 
expected. A change in diet from pellets to 
the synthetic diet may have contributed to 
this unexpected rise. It should be emphasized 
that there was no macroscopic evidence of in- 
fection in the control group at autopsy. 

Summary. Rats fed a magnesium deficient 
diet develop a leucocytosis during the hyper- 
emic phase of the syndrome. Mononuclear 
leucocytes and neutrophiles contribute to the 
leucocytosis but eosinophiles are elevated rela- 
tively more, being increased over 1,000%. 
Possible relationships to the development of 
the leucocytosis are discussed. 
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A serious side-effect of ACTH and corticoid 
therapy in man is development or reactivation 
of gastroduodenal ulcers(1-9). To understand 
the pathogenesis of their production and to 
find means of preventing their appearance, it 
became desirable to find a method to produce 
these ulcers in experimental animals. For 
various reasons, the existing methods of pro- 
ducing ulcers experimentally do not lend 


themselves to quantitative evaluation of the 
effect of steroids. The ulcers obtained by 
some technics, such as with the Shay rat, are 
inhibited by concurrent treatment with corti- 
coids(10). Injection of a small amount of 
formaldehyde into the gastric wall of a rat 
leads to formation of a necrotizing ulcer which 
is aggravated by cortisone, but it is difficult 
to quantitate the degree of the lesion(11). In 
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FIGS I 


Steroid induced ulcer. Open stomachs of animals fasted for 4 days. Left: no treatment. 


Note ulcers in forestomach and intact mucosa in pyloric portion. Right: A*-COL, 4 mg, daily, 
S.Q. No forestomach ulcers but multiple and deep ulcers in the pyloric portion. 


this study, multiple gastric ulcers were pro- 
duced in rats by intensive treatment with cor- 
ticoids. 


Materials and methods. Female rats of the 
Upjohn strain (originally from Sprague-Daw- 
ley) of a body weight ranging from 150 to 
165 g were divided in groups of 10 animals, 
placed in individual cages, and fasted for 4 
days starting at 8 a.m. Either cortisol (COL) 
or A!-cortisol (A'-COL) were injected at vari- 
ous doses (Fig. 2) in a volume of 0.2 ml of 
CMC (carboxymethylcellulose, polysorbate 
80, propylparaben and water) subcutaneously 
once daily. Control animals received only the 
vehicle. In some experiments, antibiotics 
(penicillin G crystalline, 5,200 » plus dihy- 
drostreptomycin sulfate, 4 mg, mixed into the 
same syringe in a volume of 0.2 ml, subcu- 
taneously twice a day) were also administered 
in order to prevent development of infection. 
Addition of antibiotics was found not to inter- 
fere with formation of ulcers. After 4 days, 
the animals were killed with chloroform, the 
stomachs dissected, opened along the lesser 
curvature, and the mucosa observed under a 
magnifier. 

Results. Following this treatment, gastric 
ulcers regularly developed (Fig. 1). They 
were usually multiple, varying in size from 
0.5 to 3 mm and located only in the pyloric 
(glandular) portion of the stomach (both an- 
trum and fundus). The percentage of ani- 
mals showing ulcers was determined, severity 
of the lesions expressed according to an ar- 


bitrary scale of 0 to 3-++ and number of ulcers 
per animal was recorded. Ulcer index was 
calculated by adding incidence divided by 10, 
severity (in pluses) and number of ulcers 
per rat. Table I gives the results of a typical 
experiment and shows how the ulcer index is 
determined. Maximum ulcer index possible is 
about 20, which represents 100% incidence, 
3-+ severity, and 7 ulcers per rat. 

The relative ulcerogenic properties of COL 
and A'-COL were compared (Fig. 2). Re- 
sults indicate that (a) A!-COL is 2 
to 3 times as ulcerogenic as COL; (b) 
ulcerogenic property of a steroid is di- 
rectly related to the dose; (c) the assay is 
reliable and reproducible, as proved by the 
curve shown in Fig. 2 which includes experi- 
ments performed during a year’s time. When- 


TABLE I. Steroid Induced Uleers. 


COL, 
Controls 10mg 
Initial body wt 165 163 
Final % 124 112 
Body wt difference —4] -51 
Forestomach Edema (%) 60 40 
Uleers 
% 60 0 
No./rat 3.5 
Pylori¢ uleers Incidence (%) 0 90 
Severity (++) iat 
No./rat 5.3 
Uleer index 0 15.4 


COL was administered daily for 4 days to fasted 
animals. 
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ULCER INDEX 


Ie. wa 


8 10 l2 8 20 
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FIG. 2. Relative ulcerogenicity of COL and A‘'-COL. 

Number in parentheses refers to number of experi- 

ments performed for each dose, each experiment 

corresponding to 10 animals. Standard deviation, 

shown for values obtained from 6 or more experi- 
ments, is low. 


ever standard error could be calculated be- 
tween experiments on a same dose, it was low. 
(d) In the case of COL, a plateau is reached 
with a dose of 10 mg. This may be due to the 
fact that on injecting more than 10 mg, the 
proportion of material absorbed is not appre- 
ciably increased. This view is supported by 
the fact that at autopsy large amounts of un- 
absorbed compound are still found in the sub- 
cutaneous tissue when 10 mg or more are in- 
jected. 

Histological study of these stomachs will be 
reported in detail elsewhere. Briefly, in the 
steroid-treated animals, there is a general 
thinning of the gastric mucosa; at first tiny 
and later extensive hemorrhages are seen with- 
in the glands and eventually parts of tissue 
become necrotic. Necrosis involves only the 
mucosal surface when the dose is low and ex- 
tends to the submucosa with a high dose. In 
a full-blown ulcer, the mucosa has completely 
disappeared leaving a crater whose bottom 
consists of necrotic debris and polymorpho- 
nuclear infiltration overlying a moderately 
edematous submucosa. 

In the forestomach the reverse situation ex- 
ists. In at least half of the control animals 
fasted for 4 days and not treated with steroids, 
the forestomach wall is edematous and con- 
tains numerous ulcers. These are similar to 
those of the Shay rat except that they are less 
severe and never lead to perforation. When 
steroids of the cortisol type are administered, 
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these ulcers never appear and most often 
edema is either absent or only slight in the 
forestomach. As in the case of the Shay rat, 
cortisol exerts a paradoxical effect in that it 
promotes formation of ulcers in the pyloric 
portion of the stomach and prevents their ap- 
pearance in the forestomach. 


Discussion. These experiments indicate 
that it is possible to produce gastric ulcers in 
the rat with steroids. The test can be used 
quantitatively since it is expressed in terms 
of ulcer index ranging from 0 to 20. The re- 
sponse is dose-related and is obtained within 
a short period of time, that is, 4 days. Ster- 
oid-induced ulcers will also appear without 
fasting but they develop more slowly and are 
frequently complicated by uncontrollable gen- 
eralized infection. In experiments not re- 
ported here, ulcers were produced in nonfasted 
rats after 10 to 15 days of treatment with 
large doses of steroids. 


An important characteristic of the steroid- 
induced ulcer is its location. It is always 
found in the glandular (pyloric) portion of the 
stomach where the mucosa is similar to that 
of the human stomach. Generally, the ster- 
oid-induced ulcer of the rat resembles rather 
closely human peptic ulcer. In both cases, 
there is hemorrhage, necrosis of a segment of 
the mucosa, and formation of a crater whose 
bottom is composed of necrotic debris and leu- 
kocytes. Differences between this and the 
human ulcer are: (a) perforation has never 
occurred. This could be due to the fact that 
assay time is too short for perforations to oc- 
cur. Actually, if the test is extended over 4 
days, many animals die. It is possible that 
by maintaining these animals with parenteral 
glucose and amino acids, it would be possible 
to increase the severity of the disease to the 
point of perforation. (b) The ulcers are 
usually multiple, in general 2 to 4 in number, 
although as many as 8 in some cases of heavily 
treated animals. This difference may be due 
to the very acute and severe conditions of the 
experiments, namely, complete fasting and 
heavy dosage with potent glucocorticoids. It 
could be that man placed in similar conditions 
would also develop multiple ulcers. (c) Duo- 
denal ulcers have not been encountered. This 
may be a species difference. 
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Ingle et al.(12) made the incidental obser- 
vation that some rats, nonfasted and receiv- 
ing high doses of cortisone acetate, developed 
ulcers in 3 weeks. Several of the treated ani- 
mals also exhibited signs of general infection 
due to cortisone overdosage. It has been our 
experience that the stomach is a site of pre- 
dilection for development of infection in such 
conditions. There is a possibility that some 
of the lesions represented local infection of 
the gastric wall, although we have also con- 
firmed development of ulcers without infec- 
tion in nonfasted rats. Baker(13) also re- 
ported formation of gastric ulcers in a few 
rats receiving 6 mg of ACTH daily. 

The mechanism by which the steroid ulcers 
develop is obscure. Among the hypotheses 
that can be formulated, 3 seem to be of par- 
ticular interest: (a) Corticoids may increase 
secretion of gastric juice. This has been 
shown repeatedly in man and several animal 
species(14,15). To our knowledge it has 
never been demonstrated in rats and prelim- 
inary experiments from our laboratories indi- 
cate that such an increase in either acid or 
pepsin does not take place after corticoid 
treatment in rats. The only change observed 
was an increase in volume of gastric juice in 
animals treated with an ulcerogenic dose of 
corticoids. (b) The ulcers may appear be- 
cause of the antiphlogistic property of the 
steroids. Normally, an irritant stimulates an 
inflammatory defense reaction in the tissues 
where it is applied. In the case of an animal 
fasted during 4 days, gastric juice, unbuffered 
by food, constitutes a strong irritant. If high 
doses of antiphlogistic corticoids are adminis- 
tered, as in the present experiment, the in- 
flammatory reaction is blocked and the irri- 
tant (gastric juice) may damage the gastric 
mucosa. In other words, ulcer formation 
would result from a misplaced antiphlogistic 
effect. (c) It has been suggested that corti- 
coids both in man and animals(16,17) de- 
crease the secretion of mucus by the surface 
epithelium. Adrenalectomy in the rat pro- 
duces the opposite effect(18). It is conceiv- 
able that a decrease in mucus, which has been 
considered as a protective barrier, favors the 
attack and digestion of the mucosa by gastric 
juice, 
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The fact that cortisol prevents appearance 
of ulcers in the forestomach while it promotes 
their formation in the pyloric portion may be 
explained as follows: in the forestomach of a 
fasting animal or of a rat with a ligated py- 
lorus, the lesion is an inflammatory reaction 
initially caused by concentrated gastric juice. 
This lesion is characterized first by a tremen- 
dous edema of the forestomach wall (which is 
increased about 10-fold in thickness). The 
edematous tissue contains inflammatory cells 
(polymorphonuclears and round cells). Only 
after this has progressed for some time do the 
ulcers develop. They probably appear be- 
cause, the vessels being compressed by the 
pronounced edema, a state of malnutrition of 
the surface epithelium, which is already avas- 
cular, develops. Such a malnourished tissue 
is not as resistant to gastric juice as normally 
and therefore undergoes necrosis. Cortisol 
prevents this initial inflammatory reaction, 
there is no edema, no ischemia and the mu- 
cosa retains its integrity. 

In the pyloric portion, on the other hand, 
the mucosa is thick, richly vascularized and 
not or only slightly edematous. Therefore, 
there is no ischemia. Cortisol then produces 
ulcers through a different mechanism, accord- 
ing to one or more of the hypotheses men- 
tioned above. 

Summary. An assay for the ulcerogenic 
property of steroids is described. The test 
compound is administered subcutaneously 
once a day for 4 days during which the ani- 
mals are fasted in individual cages. At au- 
topsy, the incidence of animals showing ulcers 
is noted, severity is estimated, and number 
of ulcers per rat is counted. These 3 values 
are combined and expressed in terms of ulcer 
index ranging from 0 to 20. It was shown 
that response is directly related to dose and 
that A'-cortisol is 2 to 3 times as ulcerogenic 
as cortisol. Hypotheses to explain this effect 
of steroids are mentioned, namely, increased 
secretion of gastric juice, antiphlogistic prop- 
erty of steroids favoring necrosis of the mu- 
cosa, and decrease of mucus formation in 
steroid-treated animals. 
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Carbutamide and Tolbutamide may lower 
the concentration of blood glucose in several 
ways, one of which is release of insulin by the 
pancreas. Although based on strong experi- 
mental evidence(1-16), this mode of action 
cannot be accepted as the sole explanation for 
hypoglycemia unless it can be shown that 
other metabolic effects of insulin are also 
shared by the drugs. Results of experiments 
designed to study this point have not been 
uniform. One group of investigators believes 
that tolbutamide, like insulin, stimulates peri- 
pheral glucose utilization(7), while other 
groups could find no evidence for this stimu- 
lation(8,9). The action of sulfonylureas on 
muscle glycogen is also uncertain, as it has 
been reported that its synthesis in vivo is 
stimulated(10), inhibited(11) or not affected 
(12,13) by tolbutamide. Contrary to insulin, 
carbutamide and tolbutamide stimulate syn- 
thesis of liver glycogen in fasted animals(11- 
15), but tolbutamide does promote glycogen 
deposition into peripheral fat as does insulin 


* Aided by Grant from Nat. Inst. of Arthritis and 
Metabolic Diseases, U.S.P.H.S. 

t Trainee, Diabetes Training Grant, Nat. Inst. of 
Arthritis and Metabolic Diseases, U.S.P.H.S. 


(15). Blood pyruvate increases during in- 
sulin hypoglycemia(16,17), but it was found 
increased(18), unchanged(17,19) or de- 
creased(16,20,21) during sulfonylurea hypo- 
glycemia. Like insulin, tolbutamide depresses 
ketosis(15), but, unlike insulin, it does not 
affect the disappearance of D-xylose and L- 
arabinose from the blood(21). The reasons 
for these contradictory results are not clear: 
perhaps the sulfonylureas act on the liver as 
well as on the pancreas(13,22), or perhaps in- 
sulin, secreted directly into the portal system 
under sulfonylurea stimulation, acts differ- 
ently from insulin injected into the periphery. 
Purpose of this work was to investigate this 
possibility. 

Methods. Forty-seven mongrel dogs of 
both sexes were fasted for 16-18 hours and 
anesthetized with a mixture of sodium pento- 
barbital (35 mg/kg) and sodium barbital 
(100 mg/kg), injected intravenously. This 
anesthetic mixture provided the rapid induc- 
tion and the long lasting, uniformly deep an- 
esthesia with complete muscle relaxation, 
which is essential to prevent excessive fluctua- 
tions in blood pyruvate and lactate, unrelated 
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Fig. 1. Effect of insulin, carbutamide and tolbutamide on blood glucose. Figures in parentheses 


indicate no. of experiments. 


FIG. 2. Effect of insulin, carbutamide and tolbutamide on blood pyruvate. Symbols as in Fig.1. 

FIG. 3. Effect of insulin, carbutamide and tolbutamide on blood lactate. Symbols as in Fig. 1. 

FIG. 4. Comparison of effect of slow intraportal injections of insulin (0.1 and 1 U/kg) and of 
intrafemoral injections of sulfonylureas on blood pyruvate. S.D.= Standard deviation. 


to the experiment. Carbutamide? and _tol- 

butamideS (50 mg/kg) and saline were in- 

jected into the femoral vein, glucagon-free in- 

sulint (0.1 or 1 U/O.1 ml of saline/kg) into 

the femoral or into the portal vein. Rapid in- 
t Gift of Eli Lilly and Co. . Pane 
§ Gift of Upjohn Co. 


jections were done with syringe and needle, 
slow injections (0.1 ml/5 min) with a poly- 
ethylene catheter introduced through a No. 
17 hypodermic needle and attached to a con- 
tinuous injection pump by means of a No. 24 
needle. The abdomen was opened either for 
injection into the portal vein or for sham 
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manipulations. To check the general state of 
the animal, blood pressure was measured with 
a mercury manometer attached to the carotid 
artery. Blood samples were taken from an 
exposed femoral vein for duplicate analyses. 
Glucose was determined according to Nelson 
(23), pyruvate according to Friedmann and 
Haugen(24), lactate according to Barker and 
Summerson(25), and potassium by means of 
the Coleman flame photometer. Unless other- 
wise stated, the effects of the substances in- 
vestigated were compared to those of saline. 
Statistical significance of the results was cal- 
culated according to Fisher(26). 


Results. Average changes in blood glucose 
concentration are shown in Fig. 1. Saline in- 
jections had no significant effects. Insulin, in 
doses of 1 U/kg, caused comparable degrees 
of hypoglycemia whether injected intrapor- 
tally or into the femoral vein. Slow injections 
appeared to have a more protracted effect than 
fast injection, but in all cases blood sugar de- 
creased between 40 and 50%. The drop in 
blood sugar was less pronounced following 
slow injections of 0.1 U/kg and these were less 
effective in the portal than in the femoral vein 
(P values varied between 0.02 and 0.05). Car- 
butamide and tolbutamide caused an average 
hypoglycemia intermediate between those ob- 
tained with the 2 doses of insulin. Average 
changes in blood pyruvate and lactate are 
shown in Figs. 2 and 3. Saline had no sig- 
nificant effects on either pyruvate or lactate. 
In all cases insulin caused a significant in- 
crease in pyruvate and lactate concentration 
(P values varied between 0.02 and 0.001), 
which was more marked after large doses in- 
jected rapidly, than after small doses injected 
slowly. Carbutamide and tolbutamide caused 
a significant decrease in blood pyruvate (P< 
0.01). Both substances caused a decrease in 
blood lactate, but when compared with the 
effects of saline, the decrease was significant 
(P<0.05) for tolbutamide only. However, 
the effect of both drugs on pyruvate and lac- 
tate was significantly different from that of 
insulin in either dose and by either route of 
administration (P values varied between 0.02 
and 0.001). Fig. 4 illustrates this difference 
when the effect of the 2 drugs on pyruvate is 
compared to that of insulin injected slowly 
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FIG. 5. Effect of insulin, carbutamide and tolbutam- 


ide on plasma potassium. Symbols as in Fig. 1. 


into the portal vein. Average changes in 
plasma potassium concentration are shown in 
Fig. 5. Saline had no significant effects. In- 
sulin, in doses of 1 U/kg, caused a significant 
(P<0.001) decrease in plasma potassium. 
This decrease was less pronounced and of 
shorter duration, but still significant (P< 
0.05), when the hormone was injected in doses 
of 0.1 U/kg. Carbutamide and tolbutamide 
caused a decrease comparable to that of small 
doses of insulin, although only the effect of 
carbutamide was statistically significant (P< 
0.001). 

Discussion. The results indicate that route 
of administration does not alter effects of in- 
sulin on blood glucose, pyruvate, lactate and 
potassium qualitatively, although, when small 
amounts of insulin are injected slowly into 
the portal vein, these effects may be less in- 
tense. Probably, this is due to the fact that 
the fraction of insulin destroyed by the liver 
under these conditions is larger than when in- 
sulin is injected peripherally or in large 
amounts. The experiments provide no evi- 
dence for the hypothesis that insulin secreted 
into the portal vein may act in an intrinsically 
different manner from insulin injected paren- 
terally. A recent study of peripheral glucose 
utilization, based on determination of A-V 
differences, led the authors to the opposite 
conclusion(27), but the conditions of the ex- 
periments are not directly comparable to 
those here described. On the other hand, the 
effects of carbutamide and tolbutamide on py- 
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ruvate and lactate differ qualitatively from 
those of insulin. These results do not con- 
tradict the strong evidence for a pancreatropic 
action of the sulfonylureas, but suggest that 
the drugs may act also in other ways. It is 
possible that following administration of these 
substances insulin may be secreted at a very 
slow rate and that, at the same time, release of 
glucose may be depressed by a direct action of 
the drugs on the liver, resulting in hypogly- 
cemia. On the other hand, the lowering of 
blood pyruvate and lactate, which precedes 
the maximum hypoglycemic effect, could be 
the result of a decreasing glucose supply to 
the muscle and/or an inhibition of its meta- 
bolic breakdown, in spite of an increased in- 
sulin secretion. 

This hypothesis would explain why the 
drugs cause hypoglycemia in the absence of 
the liver(22), when glycogenolysis is absent 
and insulin destruction, probably, reduced 
and why they are not effective in the absence 
of functioning pancreatic tissue or of exo- 
genous insulin(28), when their action is over- 
whelmed by glycogenolysis and gluconeogene- 
sis proceeding at an accelerated rate. Thus 
carbutamide and tolbutamide may exert their 
hypoglycemic and glycostatic(29) effects only 
in the normal, partially alloxanized or par- 
tially depancreatized animal, or in mild dia- 
betic patients where insulin may be provided 
by stimulation of the B cells in quantities suf- 
ficient to make the liver action of the drugs 
possible. 


Summary and conclusions. Insulin was in- 
jected in different doses and at different rates 
into either the femoral or the portal vein of 
anesthetized dogs. No qualitative differences 
were noted between the 2 routes of adminis- 
tration: in all cases insulin caused a decrease 
in concentration of blood glucose and potas- 
sium and an increase in concentration of py- 
ruvate and lactate. Intravenous carbutamide 
and tolbutamide caused a decrease not only 
in blood glucose, and potassium, but also py- 
ruvate and lactate. It is suggested that the 
drugs may stimulate release of insulin from 
the pancreas, and that when a minimum (per- 
missive?) amount of insulin is available and 
glycogenolysis is not accelerated, as in severe 
diabetes, they may also inhibit glucose produc- 


tion by the liver or its utilization by the mus- 
cle. If this hypothesis is correct, prolonged 
therapy with sulfonylurea-like drugs should 
be attempted with caution, for continued stim- 
ulation of the B cells with sulfonylurea may 
lead to their exhaustion(1,30) and suppres- 
sion of hepatic glucose production may be a 
sign of tissue damage. 
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The structural requirements for estrogenic 
activity have long been known to be highly 
non-specific. Nevertheless, it has been previ- 
ously considered that progestational activity 
depends upon highly specific structural rela- 
tionships. More recently, a number of ster- 
oids which represent major structural devia- 
tions from the progesterone molecule have 
been shown to actually exceed progesterone it- 
self in biological potency(1-4). Accordingly, 
in assessing the progestational potency of a 
wide variety of steroidal agents, we found 
that the synthetic steroid 3-(3-oxo-178-hy- 
droxy-4-androsten-17a-yl) propionic acid y- 


TABLE I. Progestational Activity of Steroid-17- 
Spirolactones. 


Total dose Progestational proliferation* 


Series (mg) Compound IT Progesterone 
A Sam | +4,+4 
1-4 Be ge ee 
Aa +4,+3 
B 1.0 2,+2,+2 
5 4+2,43,+1 +4,+3,+1 
p43) +1, +1, +1 +4 
C 1.0¢ +3, +2, +3 
3) +2,+2 
EA Sine Se $2,423, 41 
Compound I 
D 10 ay 8 
5 +2, +2, +2 
1 Os 0 
5 oO Ani ik 


* Each number represents oue animal. 

+ Administered as a suspension. Sesame oil solu- 
tion given in all other eases. 

t Oral admin.: Compound II = 19-nor-3-(3-0xo- 
17p-hydroxy-4-androsten-17a-yl) propionic acid + 
lactone. Compound I = 3-(3-oxo0-17g-hydroxy-4- 
androsten-17a-yl) propionic acid y lactone. 


lactone (1) and its 19-nor analogue (II) pos- 
sess substantial progestational activity as de- 
termined by a previously described modifica- 
tion of the Clauberg assay(1,2). In these as- 
says we employed 2 samples of compound II 
and one sample of compound I. Each sam- 
ple has been checked for chemical homo- 
geneity by melting point determination and 
chromatographic analysis.*t 

Results. The data presented in Table I 
permit only an approximate comparison of the 
potency of these spirolactones with that of 
other parenterally or orally active progesto- 
gens. However, it may be estimated that the 
19-nor-analogue (II) is about half as potent 
by subcutaneous administration as progester- 
one. Similarly, I is about 1/10th as active as 
progesterone when each is given subcutane- 
ously. Moreover, II is approximately as ac- 
tive as 19-nor ethinyl testosterone when each 
is given orally(2). 

It is of special interest that these steroid- 
17-spirolactones have been shown to antag- 
onize the sodium-retaining effects of desoxy- 
corticosterone and of aldosterone in rat and 
man(5,6). Desoxycorticosterone is itself a 
weak progestogen. In addition, progesterone 
has been shown to produce natriuresis in rat 
and man, a metabolic effect quite comparable 
to that seen with the steroid-17-spirolactones 
(5,7). Hence we are confronted with an ap- 
parent paradox in that progestational action 


* We are indebted to Dr. M. B. Lipsett for these 


chromatographic analyses. 
+ We wish to thank Dr. Victor Drill, Searle & Co., 
for providing the steroid-17-spirolactones used. 
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is shared by desoxycorticosterone, the steroid- 
17-spirolactones, and progesterone, whereas 
the spirolactones and progesterone actively 
antagonize the sodium-retaining action of de- 
soxycorticosterone. These discrepancies may 
follow naturally from the fact that the bio- 
logical effects of these steroids are mediated 
on the one hand through the endometrium and 
on the other, through the renal tubular ap- 
paratus. In any case, the apparent overlap 
between mineralocorticoid, anti-mineralocor- 
ticoid and progestational action of these sev- 
eral compounds should provide further under- 
standing of salt and water metabolism in nor- 
mal and abnormal pregnancy. 

Summary. The steroid-17-spirolactones 
(I and II) have been shown to have proges- 
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tational activity in the estrogen-primed im- 
mature rabbit. 
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Red blood cells bearing soluble antigens or 
haptens attached to the surface have proven 
a sensitive reagent for detection of antibodies 
(1,2,3) or antigens(4). For agglutination 
titrations there are advantages in the use of 
red cells which have been stabilized by treat- 
ment with formalin. When prepared accord- 
ing to published methods(5,6), the cells be- 
come very adherent and require prolonged vio- 
lent homogenization to obtain suspensions for 
use. The resulting suspensions are reported 
to agglutinate spontaneously in presence of 
traces of formaldehyde(5,6), and prolonged 
washing followed by treatment with bisulfite 
and dialysis has been recommended to free 
the cells from loosely bound formaldehyde (6). 
Cells treated with formaldehyde by the meth- 
od described below can be dispersed by man- 
ual shaking and are not agglutinated by what- 
ever traces of formaldehyde remain after sev- 
eral washes with saline. Some cells have re- 
tained their original serological activity after 
storage in dilute formalin in refrigerator for 
15 months. 


Methods. Preparation of cells.»* Human 


type O red cells were used within 2 to 3 weeks 
after drawing into acid-citrate-dextrose solu- 
tion. The cells were washed 4 times with 
about 10 volumes of 0.85% sodium chloride 
containing 0.005 molar sodium phosphate pH 
7.3 (hereafter referred to as saline) and 0.5% 
dextrose. A 50% suspension of washed cells 
was made in saline, chilled to 1-5°C and 
poured into 4 volumes of cold 10% formalin- 
saline solution. This solution was prepared 
by diluting 1 volume of neutralized reagent 
formaldehyde solutiont with 3 volumes of 
1% times concentrated saline. A final sus- 
pension containing 10% red cells and 8% 
formaldehyde in saline at pH 7 to 7.3 was 
thus obtained. The suspension was stored at 
1 to 3°C in a stoppered flask and the cells 
resuspended once each day for 10 days by 
shaking and swirling by hand. Cells treated. 


* Human cells of various types were obtained 
through generous cooperation of Miss Narcissa Hock- 
er of Indiana University Medical Center Blood Bank. 

tJ. T. Baker Co. reagent 37% HCHO containing 
11.9% methanol and neutralized to pH 6 to 7 using 
1 molar NaOH. 
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for 18 hours or more at room temperature 
(25°C) were at least as stable as those 
treated for 10 days in the cold and were found 
to be suitable for titrations in which rate of 
settling was followed photometrically using a 
method which will be described in detail else- 
where. However, the cells prepared at room 
temperature suffered microscopically visible 
alteration and were more prone to agglutinate 
non-specifically in the settling pattern method 
than those cells prepared in the cold.. The 
cells can be stored in formalin-saline in the 
cold for at least a year prior to coupling with 
antigens. 

Coupling with antigens. Cells stored in 
formalin-saline were washed 4 times with at 
least 30 volumes of saline and coupled with 
sulfanilazo groups (SA) or with bovine serum 
globulin (BGG) or albumin (BSA) (Armour 
& Co.) using methods which have been de- 
scribed for fresh cells(2,3). These procedures 
were simplified with formalinized cells since 
there was no problem of hemolysis. The 
coupled cells were returned to formalin-saline 
in the manner described for fresh cells and 
stored in the cold. Some preparations were 
made by coupling fresh cells as described pre- 
viously for sheep cells(2) except that 60 ml 
of a 10% suspension of cells was used. The 
final suspension was then washed once with 
saline containing dextrose and treated with 
formalin as described above. As an alterna- 
tive to the benzidine method described by 
Stavitsky(3) for attaching protein antigens, 
purified serum proteins could be firmly bound 
by formaldehyde alone. Cells coupled with 
(BGG) were prepared by mixing 0.5 ml of a 
10% solution of protein in saline with 10 ml 
of a 10% suspension of previously tanned 
cells in 8% formaldehyde (pH 6 to 7) pre- 
pared with 0.4% unbuffered saline. Two ml 
of pH 7 phosphate-citrate buffer prepared ac- 
cording to Mcllvaine’s standards(7), but of 
2% times the concentration, was added, and 
the cells kept in suspension without foaming 
by rotating them slowly in polyethylene bottle 
for 3 to 5 days at room temperature. They 
were then washed 4 times with saline and re- 
turned to formalin-saline for storage in re- 
frigerator. Some preparations were stored in 
the coupling solution and washed just prior 
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to use. Titration. Cells stored in formalde- 
hyde were prepared for use in titrations by 
washing 4 times with at least 30 volumes of 
cold saline on day they were used. Final sus- 
pension in saline was adjusted to give a den- 
sity of 0.4 at 620 my» when diluted with an 
equal volume of saline and read in 10 x 75 
mm cuvettes in Coleman Jr. Spectropho- 
tometer using a holder masked out to leave a 
1 cm® window as described by Leiner(8). 
This suspension contained 8 x 10% cells/ml 
and was approximately 0.7% by volume. 
Settling pattern titrations were performed 
using 141% x 75 mm tubes selected to give uni- 
form small rings or buttons with cells in sa- 
line containing 1:100 normal rabbit serum 
(NRS). Tubes were soaked in mild detergent 
and swabbed out with cotton after each use. 
For titrations racks having 12 mm holes in 
the bottom shelf were used and serial two-fold 
dilutions of serum were set up in 0.5 ml 
amounts with 1:100 NRS in saline as diluent. 
One-tenth ml of cell suspension was added to 
each tube, the racks shaken and left at room 
temperature. After 3 hours and 18 to 24 
hours the patterns were observed with the aid 
of a stand having a front-silvered mirror at 
an angle below the tubes and a fluorescent 
lamp above. Titers are reported as the re- 
ciprocal of the highest dilution of serum in 
0.5 ml which caused a pattern clearly distin- 
guishable from the controls. Sometimes the 
patterns were more distinct after 40 hours 
owing to more complete clearing of the back- 
grounds in controls and negative dilutions. 
The NRS for diluent was selected by testing 
with cells to be used, since it was found that 
some normal serums agglutinated some cell 
suspensions. The normal serum was stored 
at —20°C in small aliquots and thawed as 
needed since it sometimes developed the prop- 
erty of agglutinating cells non-specifically 
after standing in dilute solution. Non-specific 
agglutination by test serums was controlled by 
running a parallel titration with cells which 
had not been coupled with antigen or by spe- 
cific inhibition of agglutination in the pres- 
ence of soluble antigens or haptens. To find 
out whether more careful elimination of for- 
maldehyde might lead to improvement of the 
negative patterns, portions of 5 human cell 
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TABLE I. Agglutination Titers of Several Serums 
with Various Cell Preparations. 


Antiserums: 
SA- SA-BGG SA-BGG 
Cells stromata #52 pool 
(xX 1000) 
SA-H6 32,000 14 2 
-H7 16,000 7 1.5 
-H14 4 1 
BGG-H7 (BDB) < 50 Bye 64 
-H8A (HCHO) 1,500 4,500 
-H8B (HCHO) 100 1,300 5,600 


All data for SA-stroma serum and for SA-H14 
cells are for single titrations. Other figures are avy- 
erages of 2 or more titrations with a range of + 
one double dilution or less. Please refer to Results 
for further description. 


preparations were washed and treated as de- 
scribed by McKenna(6) except that the sa- 
line taken for each wash was 30 times or more 
the volume of the packed cells. The density 
of each suspension was adjusted to 0.40 + 
.02 and triplicate portions of the cells were set 
up with 1:100 NRS in parallel with portions 
which had simply been washed 4 times with 
30 volumes or more of saline. 


Results. Data for 3 rabbit serums titrated 
using several cell preparations are given in 
Table I. The SA-stromata serum was a pool 
of 15 bleedings from 3 rabbits injected with 
sulfanilazo-sheep stromata. The SA-BGG 
#52 was from a single rabbit and the SA-BGG 
pool was from 9 bleedings of 4 rabbits injected 
with sulfanilazo-bovine gamma _ globulin. 
These antigens were prepared as described 
previously(9). To test for anti-sulfanilazo 
activity of the serums, cell preparations sul- 
fanilazo-human #6 (SA-H6) and SA-H7 were 
made by coupling formalinized human red 
cells with sulfanilic acid. Preparation SA- 
H14 was coupled with sulfanilic acid prior to 
treatment with formalin. The ratios of titers 
of these 3 serums with each of the cell prepa- 
rations are within a 2 fold range. To test for 
anti-globulin activity, cell preparation BGG- 
H7 was made using the benzidine method 
(BDB) to attach bovine globulin to formal- 
inized human cells and preparations BGG- 
H8A and BGG-H8B were made using the for- 
malin coupling technic described in this pa- 
per. Cells prepared using formalin to attach 
the bovine globulin were 50 to 100 times as 


sensitive as those prepared using benzidine. 
These cells are apparently also about 100 
times as sensitive and also more stable than 
those which have been prepared using tannic 
acid to bind proteins to formalinized cells(6). 

The titer of 14,000 for serum SA-BGG #52 
with SA-H6 is the average of 10 titrations 
with a range from 8,000 to 24,000. One series 
of 15 serums from 11 rabbits which had been 
injected with SA-sheep stromata was retitered 
with SA-H6 cells after the serums had been 
stored at —20°C for 18 months following an 
original titration by another observer using 
fresh SA-human cells.+ The original titers 
ranged from 320 to 64,000, and the retests 
were within one 2-fold dilution for 13 of the 
15 serums while one differed by 2% and an- 
other by five-fold. 

Pictures of patterns obtained with cell 
preparations SA-H6, SA-H7, SA-H10, and un- 
coupled cells H7 using 4-fold dilutions of se- 
rum SA-BGG #52 starting at 1:100 are shown 
in Fig. 1. Cell preparation SA-H10 was made 
by coupling with sulfanilic acid before for- 
malin treatment. The patterns shown here 
are very similar to those pictured for fresh 
cells in the paper by Stavitsky(3). They 


appear to be more distinct and easily inter- 
preted than those which have been obtained 
using cells prepared with prolonged violent 
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FIG. 1. Agglutination patterns of sulfanilazo-for- 

malinized human cells with anti-sulfanilazo-bovine 

gamma globulin serum #52 diluted in 4-fold steps. 

All tubes contain 1:100 NRS. The cells are, from 

top to bottom, SA-H6, SA-H7, SA-H10 and control 

H7. This picture is of the reflections of the bottoms 
of the tubes as described under Methcds. 


¢ The original titrations were done by Dr. H. O. 
Foley, formerly student at our Center, 
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agglutination of 
Cells in top 
row were washed and treated with bisulfite as de- 
scribed by McKenna(6). Those in second row were 
washed 4 times with saline at room temperature and 
those in bottom row were washed 4 times in the 
cold. The group to left are SA-H6 and those to the 


FIG. 2. Effect on spontaneous 
treatment to eliminate formaldehyde. 


right are BGG-HS8. Tubes are set up in triplicate 
with 1:100 NRS. Please refer to Methods for fur- 
ther details. 


homogenization(10). The agglutination be- 
havior of formalin-treated cells differs from 
that of fresh cells in that even those appear- 
ing most strongly agglutinated according to 
the patterns can be resuspended easily and 
smoothly with no evidence of clumps as would 
be observed with fresh cells. This phenome- 
non is under investigation and a brief report 
has been given(11). 

These cells can be stored at 3-5°C in 8% 
formalin-saline for extended periods without 
loss of serological reactivity. Preparation SA- 
H6 has been stored for 15 months and BGG- 
H8A and BGG-H8B for more than 2 months 
with no change in sensitivity detectable by a 
two-fold dilution agglutination test. 

Cells prepared as described here have the 
further advantage of being insensitive to 
traces of formaldehyde. Five different prepa- 
rations of these cells gave just as good or bet- 
ter negative patterns with 1:100 NRS when 
simply washed four times with 30 volumes or 
more of saline in the cold as when subjected 
to the prolonged and relatively involved pro- 
cedure described by McKenna(6) to eliminate 
traces of formaldehyde. With preparations 
SA-H6 and BGG-H8 simple washing led to 
distinctly better negative patterns as shown in 
Fig. 2. 

The methods described have been applied to 
rabbit cells with satisfactory results. How- 
ever, the rabbit cells seemed to be no less 
prone than human cells to be agglutinated by 
some normal rabbit serums. Dilute buffered 
formalin was used for treatment of cells by 
Moskowitz and Carb(12) but they found the 
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treated cells to be non-agglutinable under 
their conditions. These methods have been 
used successfully by J. F. Lawlis working in 
my laboratory(4), and are now being used in 
work on the formation in rabbits of antibodies 
homologous to the sulfanilazo hapten. 

The reactions which may take place on 
treating proteins with formalin under condi- 
tions similar to those used here have been in- 
vestigated in detail by Frankel-Conrat and 
Olcott(13). On the basis of their results, one 
might expect proteins to be coupled to red 
blood cells by methylene bridges between 
various amino acid side chains. It seems pos- 
sible that the sensitivity to agglutination by 
formaldehyde of cells which have been homo- 
genized for an hour in the Waring blender 
might result from the exposure of surfaces not 
saturated with formaldehyde which could then 
couple with portions of other cells having 
aminomethylol groups on them. 

Summary. 1) Improved methods for prepa- 
ration of formalinized red blood cells and a 
simple method using formalin to bind pro- 
teins to these cells yielding a stable, highly 
sensitive antigen have been described. 2) 
Cells prepared by these methods give agglu- 
tination patterns almost as distinct as those 
obtained using fresh cells, they are not ag- 
glutinated by traces of formaldehyde and are 
stable on storage at 3-5° C. 3) When cells 
were coupled with sulfanil-azo-groups a con- 
venient and sensitive antigen for the estima- 
tion of antibody against this hapten was ob- 
tained. 
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The fundamental factors which influence 
blood formation in cold-blooded animals are 
unknown. Hypoxia, generally considered the 
universal stimulus for erythropoiesis, has no 
effect in Pisces, Amphibia, and in Reptilia 
(1,2). Cobalt readily produces polycythemia 
when administered to birds and mammals, but 
in frogs an increase in erythrocyte count was 
produced only by a highly toxic dose(3). 
Liver extracts, saponin, and even experimental 
hemorrhage, did not stimulate production of 
new blood cells in the hypoplastic frog mar- 
row(4,5). It is quite unusual that factors 
which normally stimulate blood formation in 
warm-blooded animals fail to do so in cold 
blooded forms. Further investigation on the 
physiology of blood formation in cold-blooded 
animals is needed. Since most of the previous 
work has been on amphibians, it seemed de- 
sirable to study another class such as the rep- 
tiles. Experiments have been conducted on 
the effects of cobalt, cobalt with iron, copper 
and manganese supplements, crude liver ex- 
tract, a folic acid antagonist, aminopterin, and 
of repeated bleeding on blood formation in box 
turtles. 


Materials and methods. Adult box turtles 
(Terrapene carolina carolina) of both sexes 
were housed indoors with room temperature 
between 20 and 23°C. They were fed horse- 
meat, greens, bread and tomatoes. Large pans 
of water were kept in the cages. Experiments 
were conducted between August and March, a 
period of sexual rest. Cobalt chloride 
(6H2O), iron ammonium citrate, copper sul- 
phate, and manganese sulphate were adminis- 
tered in aqueous solution in amounts. indi- 
cated. The liver extract (crude) was obtained 
from Lederle Laboratories. Each cc con- 


tained Vit. B,. activity equivalent to 2 pg of 
cyanocobalamin. The folic acid antagonist, 
aminopterin,* was dissolved by adding 0.4 cc 
of 1 M KOH/100 mg aminopterin in 100 cc 
H,0. In the bleeding experiment blood sam- 
ples were obtained by cardiac puncture using 
a 2-inch 20 gauge needle inserted near the 
forelimb. Repeated removal of 1 to 2 cc of 
blood proved adequate to stimulate blood for- 
mation. In other experiments each turtle was 
used for only one blood sample obtained by 
decapitation. Erythrocyte and _ leucocyte 
counts were made by using a diluting fluid pre- 
viously described(6), except that 0.1% tolui- 
din blue O replaced Wright’s stain. Reticulo- 
cyte counts were made from smears stained 
with new methylene blue N following reticulo- 
cyte formula described earlier(2). A Klett- 
Summerson photoelectric colorimeter was used 
for hemoglobin determinations. Hemolysis was 
obtained by use of 0.3 M urea or 0.1% Nae 
CO;. Tissues were fixed in 10% buffered so- 
lution (pH 7.0) of formalin. Bones were de- 
calcified by 5% formic acid. Paraffin sections 
were stained routinely with hematoxylin azure 
eosin. 

Results. Control blood. Mean hematocrit 
values, hemoglobin concentration and erythro- 
cyte counts of male turtles are significantly 
higher than in females (Table I). Leucocyte 
counts showed no significant sex difference. 
Thrombocytes were included in the leucocyte 
counts since they were difficult to distinguish 
in suspensions from lymphocytes and showed 
little tendency to clump. Differential analysis 
of leucocytes in blood smears was made. 
Mean control values for 13 turtles (both 

* Aminopterin kindly supplied by Dr. J. M. Rueg- 
segger, Lederle Laboratories, Pearl River, N. Y. 
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TABLE I. Effects of Aminopterin on Blood of 13 Box Turtles. 
Erythroeyte White blood 
Pa Hemato- Hb, count, mm* count, Reticulo- Body wt, 
Sex No.inj. No. days erit g/100ce X 100,000 mm x 1000 cyte, % g 

Q 8 10 28 5.0 7.0 13.5 0 -13 
2 22 30 25.2 5.2 8.3 16.5 0 —63 
2 22 30 29 8.2 7.6 25.0 1.0 —65 
Q 22 30 15.5 4.2 4.7 5.0 0 —37 
2 22 30 20 3.9 5.5 13.5 0 -—7 
é 33 34* 18 ; -19 
Q 34 35 23 5.1 6.5 12.0 1.0 —26 
9 40 42 25 2.1 1.6 2.0 0 2 
é 40 2 31 7.5 7.8 3.5 1.0 —30 
é 40 42* —16 
2 49 51 20 3.8 4.1 1.5 0 —24 
2 49 51 19 3.1 2.8 2.0 2.0 —43 
3 49 51 16 3.0 3.4 2.5 0 —22 
é Controlt 269+ .5 6.234 3 (AU 21.4 + 410-- 1.3 + 4 
g Shear 224+ .7 54+ 3 6.1 == .2 20. = 1623 17 Ste 63 

* Died. t Mean + SEM of 25 male turtles. t Mean + SEM of 29 female turtles. 


sexes) are as follows: eosinophiles (spindle 
granules) 29.5 + S.E.M. 5, eosinophiles 
(spherical granules) 15.5 + 2.4, basophiles 
10 + 2.7, monocytes 5.2 + 1.2, lymphocytes 
40 + 4, and blast cells 0. Both carapace and 
plastron contained marrow, but the relatively 
small number of marrow cells present made 
preparation of smears impractical. Smears 
prepared from limb bones were most useful 
in demonstrating blood cells in various stages 
of development. Histologic study of shell and 
limb marrow showed that eosinophiles with 
spherical granules were abundant, while lym- 
phocytes and reticulum cells were less nu- 
merous and much more difficult to identify. 
Cobalt injections. Three dosage levels were 
used. Eleven turtles were given 0.5 mg co- 
balt/100 g body weight subcutaneously 5 
times weekly. One died after 14 injections in 
19 days and the remainder were killed at in- 
tervals of 29 to 147 days. There was no sig- 
nificant alteration in numbers of erythrocytes, 
reticulocytes and leucocytes, in hemoglobin 
concentration, or in hematocrit values in tur- 
tles when compared with controls. Six turtles 
were given 2 mg cobalt/100 g body weight in- 
traperitoneally. One turtle died and 3 were 
killed after 8 injections in 14 days, and the 
others were killed after 12 injections on day 
16. Erythropoiesis was not increased in any 
of these turtles. Six turtles were given 5 mg/ 
100 g body weight intraperitoneally. This 
dose proved to be toxic; 4 turtles died after 5 
injections. The 2 others were killed after 5 


injections in 6 days. Blood studies showed 
no evidence of stimulation of blood formation. 

Eight turtles were given subcutaneous in- 
jections of 0.5 mg cobalt/100 g body weight 
and an intramuscular injection containing 0.05 
mg copper sulphate, 0.08 mg manganese sul- 
phate and 1 mg iron ammonium citrate/100 g 
body weight. This dose proved to be toxic, 
killing 3 turtles after 5 injections in 7 days. 
The remainder were sacrificed after receiving 
6 injections in 10 days. Except for 1 turtle 
with a reticulocyte percent of 5.6/1000 eryth- 
rocytes, there was no evidence of any stimula- 
tion of blood formation. 

Crude liver extract. Twenty-one turtles 
were given intramuscular injections of 0.1 cc 
of crude liver extract 5 times weekly from 1 
to 4 weeks. One turtle had a reticulocyte % 
of 6.7/1000 erythrocytes after receiving 14 in- 
jections. The other turtles were examined at 
various intervals throughout the 4 weeks and 
none gave evidence of stimulation of blood 
formation. 

Effects of repeated bleedings. ‘The reticu- 
locyte counts of turtles bled at various inter- 
vals are given in Table II. There was a 
marked increase in reticulocyte number after 
third and fourth bleeding. High reticulocyte 
counts persisted for at least 21 days and as 
observed in turtles 8 and 9 for as long as 50 
days. The mean erythrocyte count of 9 tur- 
tles studied was reduced from 591,000 to 313,- 
000/cu mm following 4th bleeding. Normal 
blood values were not restored until 4 months 
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TABLE II. Effects of Repeated Bleeding* on 
Reticulocyte Count of 9 Turtles. 
es 
Reticulocyte % 


ee = Wee Che 


0 3 10 GG 38 67 
1.5 0 20 
i 3 3 20 
0 1 1 4 
4.5 2 0 16 
0 0 15 32 34 
1 3 it 4 36 
2 2 6 16 61 

5 0 2 6 10.5 
2.9 2 16 14 15.5 


* 1 to 2 ce blood removed by cardiae puncture. 


after last bleeding. 

Aminopterin injections. Thirteen turtles 
(Table I) were given intraperitoneal injec- 
tions containing 0.05 mg aminopterin/100 g 
body weight 5 times weekly from 10 to 51 
days. All lost weight and 2 died. There was 
a consistent reduction in erythrocyte count, 
in hemoglobin concentration, and in hema- 
tocrit values after 6 weeks of treatment with 
aminopterin. A reduction in leucocyte counts 
was noted as early as second week. Only 1 
turtle receiving aminopterin showed a normal 
leucocyte count. Severe leucopenia developed 
in all turtles after 6 weeks treatment. Analysis 
of blood smears showed that eosinophiles were 
completely eliminated after 30 days treatment. 
Within 6 weeks 4 of 6 turtles showed a marked 
reduction in lymphocytes to values as low as 
4%. The numbers of basophiles and mono- 
cytes appeared to be unaffected by the drug. 
After 30 days treatment blasts cells appeared 
in peripheral blood occupying from 1 to 5% 
of total cells. One exceptional turtle had 
18% blast cells in a smear examined follow- 
ing 51 days of aminopterin. Study of bone 
marrow smears also showed absence of eosino- 
philes after 30 days. The most conspicuous 
change in marrow was the great increase in 
number and size of blast cells. The blast cell 
in marrow of a normal turtle measures ap- 
proximately 18 », after 5 weeks treatment with 
aminopterin many increased to as much as 
24 to 30 pw. Large, irregularly shaped reticu- 
loendothelial cells, observed only rarely in 
controls, were numerous in marrow and in 
spleen smears of treated turtles. 


Discussion. Wack of erythrocyte stimula- 


Btoop FoRMATION IN TURTLES 


tion in box turtles when treated with cobalt 
of varying concentration or by cobalt with 
mineral supplement emphasizes how ineffec- 
tive cobalt treatment is in cold blooded ani- 
mals. A strong dose of cobalt (20 to 30 mg/ 
100 g body weight) administered to frogs(3) 
produced a 2 to 4 fold increase in erythro- 
cytes in a few days; however, this dose pro- 
duced anemia after 1 week. It is not clear 
whether or not the increase in erythrocytes in 
frogs was due to the action of cobalt on eryth- 
ropoietic tissue or to hemoconcentration re- 
sulting from toxicity of the drug. Reticulo- 
cyte studies were not reported. The failure 
of hypoxia(1,2) and of non toxic doses of co- 
balt to stimulate erythropoiesis in cold 
blooded animals suggests that there may be a 
fundamental difference in the mechanism of 
blood formation between cold and warm- 
blooded animals. According to current con- 
cepts(7) from research on mammals, reduced 
oxygen tension, cobalt injections and loss of 
blood stimulated red cell production through 
a humoral substance called erythropoietin. 
The presence of erythropoietin has not been 
established in cold-blooded animals. 

In our study it has been clearly shown that 
loss of blood stimulated red cell production. 
Since 4 months were required for restoration 
of normal blood values following last bleed- 
ing, it is suggested that the turtle erythrocyte 
matures very slowly. It has previously been 
found(8) that longevity of turtle erythrocyte 
exceeds 11 months. 

The absence of an hematopoietic effect by 
crude liver extracts in normal turtles and in 
frogs(5) is not unusual since there was no 
demonstrated liver deficiency. It is of inter- 
est that there was no stimulation of erythro- 
poiesis in the anemic salted frog when treated 
with a purified liver extract containing an an- 
tipernicious anemia  factor(9). Little is 
known of the nutritional requirements of poi- 
kilotherms. 

Folic acid antagonists, such as aminopterin, 
interfere with maturation of erythrocytes and 
leucocytes and cause an increase in size of 
stem cells in birds and mammals(10). We 
have shown that a similar inhibition occurs in 
cold-blooded animals such as turtles. The 
sensitivity of the turtle to aminopterin lay be- 
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tween that of rat and guinea pig. For ex- 
ample, rats give 0.25 mg aminopterin daily 
(11) develop pancytopenia and maturation 
arrest at level of stem cell within 24 days. 
Turtles receiving 0.20 mg 5 times weekly de- 
velop anemia and leucopenia with enlarged 
stem cells within 5 to 7 weeks. Guinea pigs 
receiving 0.25 mg daily develop anemia and 
leucocytosis after 2 months(12). In this 
study it has been shown that folic acid is 
probably necessary in blood formation in the 
turtle, and in this respect blood formation of 
reptiles is similar to that of birds and mam- 
mals. 

Summary. Sex differences in control blood 
values of box turtles are presented. Mild to 
toxic doses of cobalt, including mineral sup- 
plement and injections of crude liver extract 
failed to stimulate erythropoiesis. Marked 
reticulocytosis was induced by repeated bleed- 
ing. High reticulocyte counts persisted for 3 
weeks following the last bleeding and 4 months 
were required for restoration of normal eryth- 
rocyte values. Blood formation was altered 
by injections of folic acid antagonist, aminop- 
terin. Arrested maturation of blood cells was 
detected in form of enlarged marrow blast 
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cells as early as 5 weeks and anemia and leu- 
copenia followed after 6 weeks treatment. 


It is a pleasure to thank Mr. Milton Parker fer 
valuable technical assistance. 
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Spermine, a biologic polyamine, is widely 
distributed in animal tissues(1) and has also 
been found in yeasts(2) and bacteriophages 
(3). Shown to be a growth factor for some 
micro-organisms (4), it has, on the other hand, 
been found to inhibit the growth of various 
bacteria, mainly Gram positive(5). The pres- 
ent communication deals with the effect of 
spermine on growth of yeasts. Spermidine, a 
polyamine closely related to spermine was 
also examined. 

Materials. Spermine  tetrahydrochloride 
and spermidine phosphate (Hoffmann La 

* This investigation was supported by a grant from 
the Hadassah Medical Organization Research Fund. 


Roche & Co., Ltd., Basle, Switzerland) were 
used. Test organisms. The yeasts examined 
were obtained from the collection of the Dept. 
of Bacteriology. Saccharomyces cerevisiae 
served as the main test organism. Media. 
The organisms were grown on the following 
medium: 0.5% Bacto peptone, 0.5% yeast 
extract (Difco), 2% glucose, 0.2% CaCOs, 
2% agar agar (Difco). The antimycotic ef- 
fect of spermine was tested in Difco nutrient 
broth enriched with 0.5% glucose (w/v), pH 
7.6. 

Antimycotic spectrum of spermine. The an- 
timycotic effect of spermine was tested by the 
double dilution method(6). Several species 
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TABLE I. Growth Inhibition of Yeasts by Spermine and Spermidine. 


Min cone. of spermine 
(ug/ml) inhibiting 
growth after incuba- 


Min cone. of spermidine 
(ug/ml) inhibiting 
growth after incuba- 


tion for: tion for: 
Organism 24 hr 1 wk 24 hr lwk 
Saccharomyces cerevisiae 22 30 60 >2000 > 2000 
fragilis 109 ig # 500 x 
acidifaciens 16 “ 5 
carlsbergensis 7 * 30 1000 
rosei 20 120 250 1000 >2000 
Rhodotorula pallida 127 15 30 30 120 
Debaryomyces nicotianae ia 60 60 >2000 >2000 
kloeckeri 36 30 = 120 500 
Kloeckera apiculata 12 60 120 1000 >2000 
Cryptococcus neoformans 10 120 ss a 3 
Pichia fermentans 32 fe >2000 . 
farinosa 23 1000 1000 % 
Torulopsis sp. 13 250 4 y re 
Oidium sp. 39 500 500 a . 
Candida albicans 26 >2000 >2000 Zz a 
tropicalis 106 As = S as 


Inoculum: 0.1 ml of a 10% dilution of a 24-hr broth culture. 
Temperature of incubation 30°C. Growth inhibition: no visible growth. 


of the genus Saccharomyces, Debaryomyces, 
and Rhodotorula pallida were the most sensi- 
tive (Table I). The human pathogenic Cryp- 
tococcus neoformans was moderately sensitive 
to spermine. The growth of most species was 
not affected by spermidine, although a few 
were inhibited by high concentrations. 

Influence of pH value of the medium and of 
inorganic salts on the antimycotic action of 
spermine. Antibacterial activity of spermine 
has been shown to increase with a rise of pH 
of the medium(5). A similar effect was ob- 
served with S. cerevisiae. At pH 4.0 a con- 
centration of 500 pg/ml of spermine was re- 
quired to inhibit growth of this organism in 
nutrient broth (Difco), whereas at pH 8.0 a 
concentration of 30 »g/ml was sufficient. As 
shown in Table II, inorganic salts interfered 
with the antimycotic action of spermine. Di- 
valent cations exhibited a higher antagonistic 
effect than the monovalent ones. 

Adsorption of spermine by yeast cells. High 
quantities of spermine have been shown to be 
adsorbed by bacterial cells(7). Adsorption of 
spermine by S. cerevisiae and Candida albi- 
cans was examined as. follows: Organisms 
grown on the solid yeast extract medium for 
24 hours at 30°C were harvested and washed 
3 times with distilled water. 1.5 ml of cell sus- 
pension (containing 50 mg dry weight of cells 


per ml) were added to 1.5 ml of various con- 
centrations of spermine in 0.05 M boric acid- 
borax buffer (pH 7.6). After incubation in 
a shaking bath at 30°C for 1 hour, the cells 
were sedimented by centrifugation at 7,000 X 
g for 5 minutes. Amount of spermine in the 
supernatant was determined chromatographi- 


cally(8). From the difference between initial 


TABLE II. Interference of Inorganic Salts with 
Antimycotic Action of Spermine. 


Min cone. of spermine 
(ug/ml) inhibiting 
growth of S. cerevisiae 
after incubation for: 


Salt (ar) 24 hr 1 wk 
NH,Cl .03 120 500 
12 500 1000 
25 1000 >2000 
Na-K-tartarate .03 250 500 
12 500 1000 
25 1000 >2000 
KCl 03 120 1000 
12 1000 2000 
25 2000 >2000 
MgCl,+-6H,O  .03 >2000 2 
MgSO,-7H;O _ .03 As a 
CaCl, - 2H,O 03 as 4 
Control, without salt 60 60 


Medium: Difco nutrient broth enriched with 
0.5% glucose and one of the inorganic salts indi- 
cated. Temperature of incubation 30°C. Growth 
inhibition: no visible growth. 
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TABLE III. The Amount of Spermine Adsorbed by Cells of 8. cerevisiae and C. albicans at 
Various Concentrations of Spermine in the Medium, 


S. cerevisiae 


C. albicans S. aureus 
} Spermine Spermine Spermine 
Cone. of sper- Spermine — eluted Spermine eluted Spermine eluted 
mine in buf- adsorbed from cells adsorbed from cells adsorbed from cells 


fer (ug/ml) 


200 2.0 af 
400 2.8 11 
600 4.0 1.3 
1000 8.0 3.3 


oo (ug /meg ary wt of cells) ————__________—__, 


a Be 5 8.0 3.5 
2.5 6 18.0 7.0 
3.5 a 22.0 8.5 
6.0 1.1 22.0 10.0 


concentration of spermine and concentration 
of spermine in the supernatant the amount of 
the drug bound by the cells could be deter- 
mined. The amount of spermine adsorbed by 
the yeast cells rose with its concentration in 
the buffer (Table III). There was no sig- 
nificant difference between the amount ad- 
sorbed by the spermine sensitive S. cerevisiae 
and the spermine resistant C. albicans. The 
amount of spermine adsorbed by Staph. aureus 
was found to be considerably higher (Table 
III). Part of the spermine adsorbed by the 
cells could be eluted by mineral acids. The 
cells, after adsorbing spermine, were washed 
once with boric acid-borax buffer (pH 7.6) 
and agitated for 1 hour in 0.1 N HCl at room 
temperature. The amount of spermine eluted 
was determined chromatographically (Table 
III). Twenty to 40% of the adsorbed sper- 
mine could be eluted from the cells. The per- 
centage of the eluted substance was somewhat 
higher with S. cerevisiae than with C. albicans. 

Agglutination of yeast cells by spermine. 
Spermine has been shown to agglutinate vari- 
ous bacteria(7). In order to determine 
whether yeast cells can be agglutinated by 
spermine the following experiment was per- 
formed. Serial double dilutions of spermine 
in distilled water were set up, each tube re- 
ceiving 2 ml of solution and thereafter 0.2 ml 
of distilled water containing 2 x 10’ washed 
- cells. The tubes were incubated for 2 hours at 
37°C and inspected for agglutination; they 
were then left overnight at 6°C and rein- 
spected. When agglutinated the yeasts sedi- 
mented adhering firmly to the bottom of the 
tube, forming a circle with an irregular bor- 
der. When not agglutinated a circular but- 
ton-like sediment developed. S. cerevisiae 
and C. albicans were agglutinated by spermine 
in a concentration as low as 3 pg/ml. 


Effect of spermine on washed cells of S. 
cerevisiae. The antibacterial effect of sper- 
mine has been shown to depend on cellular 
metabolic activity(7). To see whether sper- 
mine will exert its effect only on metabolizing 
yeast cells the following experiment was car- 
ried out. Yeast cells grown on Difco nutrient 
broth enriched with 0.5% glucose for 24 hours 
at 30°C were harvested, washed 3 times with 
distilled water and resuspended in the same 
volume of distilled water. 1 ml of a 10° 
dilution of the suspension was inoculated into 
9 ml of tris buffer containing 200 pg/ml or 
400 ng/ml of spermine and also into tris buffer 
with the same spermine concentrations en- 
riched with 0.4% glucose. The same media 
without spermine served as controls. As may 
be seen from Fig. 1, cells died out more rap- 
idly in tris buffer enriched with glucose than 
in tris buffer alone. When spermine was 
added to the buffer the rate of death slowed 
down; 400 pg/ml of spermine showed a higher 
protective effect than 200 pg/ml. The same 
amounts of spermine added to tris buffer en- 


a 4 

= belo 

= mage See 

2 ~~~ > > T+40044/ml sP 
g ~ © + 200p4/ml sp 
= 3 : 

z aS 

” T+G 

0) 

ro} 

42 


(oe a-} 24 48 
HOURS 
FIG. 1. Effect of spermine on washed cells of £ 


cerevisiae suspended in buffer in presence or absenc: 

of glucose. T—0.05 m tris-(hydroxymethyl) -aminc 

methane buffer, pH 7.6; G—0.4% glucose (w/v) 
SP.—spermine tetrahydrochloride. 
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riched with glucose exhibited a pronounced 
killing effect. 

Comment. Spermine is present in rather 
high concentrations in some human tissues and 
might play a role as a natural antibacterial 
substance(8,9). Our findings suggest that 
spermine might influence Cryptococcus infec- 
tions to a certain degree, but not infections 
due to Candida. Candida species were un- 
able to oxidise spermine (unpublished data), 
hence the high spermine resistance shown by 
these yeasts cannot be explained by the pres- 
ence of a spermine oxidase. It is of interest 
that the highly spermine sensitive S. cerevisiae 
contains appreciable amounts of spermine and 
spermidine(2). Yeasts adsorbed a smaller 
amount of spermine than bacteria(7). This 
phenomenon might be explained by the 
smaller surface: volume quotient of the yeast 
cell when compared with that of the bacterial 
cell. The mechanism of the antimycotic ef- 
fect of spermine seems to be similar to the 
antibacterial one. The same factors influence 
antibacterial and antimycotic action: i.e. pH 
of the medium, presence of inorganic salts, 
and metabolic activity of the cell. 

Summary. 1) Spermine inhibited growth 
of several species of yeasts, Saccharomyces 
and Dedbaryomyces species being the most 
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sensitive. The antimycotic effect of spermine 
was more pronounced at an alkaline pH and 
was antagonized by inorganic salts. The ad- 
sorption of spermine by yeast cells was sig- 
nificantly smaller than by Staph. aureus. 2) 
Spermine retarded the death rate of washed 
cells of S. cerevisiae suspended in tris buffer. 
A pronounced killing effect of spermine was 
observed when glucose was added to the 
buffer. 
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R. E. RANNEY 
Division of Biological Research, G. D. Searle & Co., Chicago, IIl. 


There is increasing interest in the hypothe- 
sis that atherosclerosis might be successfully 
treated by use of materials that inhibit endo- 
genous cholesterol synthesis. One such com- 
pound, A-4-cholestenone, was first shown by 
Tompkins e¢ a/.(1) to diminish the incorpora- 
tion of labeled acetate into the cholesterol of 
liver slices taken from rats treated with the 
material. More recently these investigators 
(2) reported that in vivo cholestenone de- 
pressed plasma cholesterol levels in normal 
dogs and chickens. In addition, Steinberg 
and Fredrickson(3) demonstrated that when 


rats were treated with this compound there 
was a decrease in serum cholesterol and a 
diminution of incorporation of labeled acetate 
into hepatic cholesterol. Both groups of work- 
ers have emphasized that this compound has 
serious undesirable side effects, e.g., Chaikoff 
and colleagues have shown it to be a precursor 
of cholestan-38-ol(4) an atherogenic material 
in both rabbits and chickens(5,6). Further- 
more, Steinberg e¢ al.(7) have very recently 
indicated that while cholestenone may have 
been ineffective in modifying serum cholesterol 
levels in 2 hypercholesterolemic patients, their 
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serum dihydrocholesterol concentration was 
actually augmented by the treatment. These 
workers(3) demonstrated earlier that a high 
dose of the compound given to rats produced a 
profound adrenal hypertrophy and an increase 
in hepatic total sterol concentration. 

Although A-4-cholestenone itself may not 
clinically be suitable as an inhibitor of en- 
dogenous cholesterol synthesis, further inves- 
tigation of its metabolic effects seems war- 
ranted since it exhibits a completely different 
chemical structure and conceivably may block 
cholesterol synthesis at a different site than 
another proposed inhibitor of endogenous cho- 
lesterol synthesis, a-4-biphenylylbutyric acid 
(8,9). In the present report we have meas- 
ured incorporation of acetate-1-C'* into the 
cholesterol, and of inorganic P** into the phos- 
pholipid, of plasma, liver, and aorta of chicks 
treated with A-4-cholestenone. 

Methods. Exp. 1. Four-week-old cock- 
erels raised on a commercial starter ration 
were treated for 3 days with 1.5% A-4-cho- 
lestenone added to the diet. Control animals 
received the starter mash alone. The animals 
were fasted overnight, then given intrave- 
nously 20 microcuries (1.48 mg) of sodium 
acetate-1-C!*# and 200 microcuries (1.45 mg) 
of P®? labeled sodium phosphate. Thirty, 60, 
and 240 minutes after administration of the 
isotopes, plasma samples and liver biopsies 
were taken, and at the 4 hour interval the 
animals were sacrificed and the thoracic 
aortae removed. Plasma and homogenized 
tissue samples were extracted with chloro- 
form:methanol (2:1) and washed overnight 
in running water as a modification of the 
method of Folch et al.(10). The solvents of 


TABLE I. Cholesterol and Phospholipid Concentrations in Plasma, Liver, and Aorta in Chie 
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aliquots of the chloroform:methanol extracts 
were removed by gentle heat and the lipids 
saponified with 30% alcoholic KOH. The 
non-saponifiable fraction was extracted with 
petroleum ether and the cholesterol in this 
extract was determined by the method of 
Zlatkis et al.(11). Aliquots of the lipid ex- 
tracts were mounted on lens paper discs sup- 
ported by copper planchets and radioactivity 
was measured by an end‘window geiger tube. 
There was no contamination of the petroleum 
ether extracts by P®?. Although other sterols 
in the petroleum ether extracts may have been 
labeled with C' we have assumed the radio- 
activity of these extracts was due primarily 
to labeled cholesterol. Phospholipid phos- 
phorus was estimated in aliquots of the 
washed chloroform:methanol extracts by the 
method of King(12). P*? concentration in 
the extracts was determined on_ aliquots 
mounted as described above. C1 radiation 
from these samples was absorbed with alu- 
minum. In calculating the specific activities 
of all lipid extracts corrections for back- 
ground, radioactive decay, and absorption 
have been included. Exp. 2. Five-week-old 
cockerels were treated with 0.1% A-4-cho- 
lestenone in the diet for the period of 12 days. 
Control animals received the starter mash 
alone. After an overnight fast all birds were 
given 20 microcuries of acetate-1-C'™. Plasma 
and tissue sampling and analysis were carried 
out as described above. 

Results. Cholesterol and phospholipid con- 
centrations. Plasma and tissue cholesterol 
and phospholipid concentrations in both ex- 
periments are exhibited in Table I. Treat- 
ment with cholestenone produced a slight but 

Meri th 


| 
Tih 


ks 
Treated with A-4-Cholestenone. 
2 Exp. 1 = > Exp. 2 
Time Cholesterol (mg/g) * Phospholipid (mg/g) * Cholesterol (mg/g) * 
, 
Tissue min. Control Treated Control Treated Control Treated 
Plasma 30 1.01 +.16 94 +.07 1.86 +.24 1.06 +.02f 743 +.020 .668 +.033 
60 79 +.15 94 +.05 1.66 +.13 98 +.08t .671 +.018 .606 +.027 
240 94 +.17 OL .09 LAS +2-13 83 +.09 .642 +.058 043 +.022t 
Liver 30) aot +69" 4219-45 21.9 =202- 23.8 -&.14 3.50 +.001 3.51 +.09 
60 5.93 +.99 5.45 +.36 20.8 +.10 25.2 +.30t 3.382 +.14 3.31 +.06 
240 5.20+.79 4.07 +.36 25.0 +.06 26.1 +.03 dale 2,03 ~ 3104 5.10 
Aorta 240 3.61+45 2.48 +.21} 8.79 +.04 8.19 +.27 9.21 +.09 1.77 +.14 t 
* Mean and stand. error of 3 or more animals. eae OL { P <.05; unmarked 


treated values are not significantly different from 


those of the controls. 
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FIG. 1. Cholestero! specific activity-time curves for Exp. 1. Ordinate shows cholesterol specific 
activity expressed as % of the administered C“ recovered in the non-saponifiable fraction per mg 
of cholesterol. Each point is mean of 3 or more animals; vertical lines indicate standard errors. 
Symbol D-4-C has been used as an abbreviation for A-4-cholestenone. 

FIG. 2. Phospholipid specific activity-time curves for Exp. 1. The ordinate indicates the spe- 
cific activity of the phospholipid expressed as % of administered P™ recovered per mg of phospho- 
lipid. Each point is the mean of 3 or more animals; vertical lines indicate standard errors. The 
symbol D-4-C has been used as an abbreviation for /\-4-cholestenone. 

FIG. 3. Cholesterol specific activity-time curves for liver and aorta in Exp. 2. Ordinate and 


symbol are as in Fig. 1. 


FIG. 4. Cholesterol specific activity-time curves for the plasma in Exp. 2. Ordinate and symbol 


are as in Fig. 1. 


statistically insignificant decrease in plasma 
cholesterol levels in both tests. Liver choles- 
terol concentrations were not affected by the 
treatment. The aorta showed a significant di- 
minution in cholesterol content as a result of 
either acute or sub-acute administration of the 
compound. The phospholipids of the plasma 
were significantly reduced in the treated ani- 
mals but neither liver nor aorta showed sig- 


nificant changes in concentration of this lipid. 

Cholesterol and phospholipid specific ac- 
tivities. Specific activity-time curves for 
plasma, liver, and aorta cholesterol in Exp. 
1 are shown in Fig. 1. Treatment with choles- 
tenone noticeably enhanced incorporation of 
acetate in hepatic cholesterol. Although this 
effect seemed not to be obvious at the earlier 
time intervals, 240 minutes after isotope ad- 
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ministration, plasma cholesterol specific ac- 
tivity rose above that of the control to a sig- 
nificant amount. As in the case of cholesterol 
concentration, cholesterol specific activity of 
the aorta was profoundly depressed by the 
cholestenone treatment. Fig. 2 exhibits spe- 
cific activity-time curves for tissue phospho- 
lipids. Liver and plasma showed significant 
enhancement of incorporation of P** into the 
phospholipid as a result of cholestenone treat- 
ment, while the effect upon the aorta was 
minimal. 


In Exp. 2 the differences between control 
and treated groups have been minimized by 
the change in method of treatment (Figs. 3 
and 4). As in the first trial, however, there is 
inhibition of the incorporation of acetate into 
cholesterol in the aorta of the treated group. 

When the plasma and liver cholesterol spe- 
cific activity-time curves for the 2 experiments 
are compared, noticeable differences in shape 
are evident. Inasmuch as both the treated 
group and its control roughly parallel one an- 
other in each experiment, these differences 
must be ascribed to the variability of response 
between the 2 lots of birds. 

Discussion. The data presented here do 
not completely confirm those reported by 
Chaikoff’s group for the chicken nor those for 
the rat given by Steinberg and Fredrickson. 
The differences however seem in the main 
quantitative and are probably due to differ- 
ences in experimental design. The California 
workers(2) reporting on the treatment of 2 
chickens with A-4-cholestenone, described a 
50% drop in plasma cholesterol levels after a 
10- to 16-day period of feeding a diet contain- 
ing a 1% of the sterol. In the present report 
we have observed only 10 to 15% decrease in 
plasma cholesterol levels as a result of addition 
of 0.1% cholestenone to the diet for 12 days 
or of 1.5% cholestenone to the ration for only 
3 days. 

Steinberg and Fredrickson(3) reported that 
in the rat chronic treatment with a high dose 
(1% in the diet) of cholestenone resulted in 
a decrease both in the plasma cholesterol level 
and in incorporation of acetate-1-C'™ into he- 
patic non-saponifiable lipid. 

Our demonstration in this report that acute 
treatment of chicks with A-4-cholestenone 
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may actually enhance incorporation of ace- 
tate-1-C' into cholesterol emphasizes an ap- 
parent species difference between the young 
bird and the rat with respect to their responses 
to cholestenone treatment. 

The enhancement of both phospholipid and 
cholesterol metabolism in the liver suggests 
that a general increase in cellular activity in 
this organ may have resulted from the choles- 
tenone treatment. Following up this concept 
we have tested the hypothesis that A-4-cho- 
lestenone may have choleretic activity, and a 
preliminary investigation has shown that in 
chicks fed 1.5% A-4-cholestenone for 3 days 
the fasting biliary cholesterol excretion might 
be 4 times the control value. If these pre- 
liminary studies on bile flow can be confirmed, 
then it is evident that A-4-cholestenone may 
have a dual action upon hepatic cholesterol 
metabolism in the bird. At low, non-choler- 
etic doses the material conceivably may in- 
hibit cholesterol synthesis in the liver, while 
at higher doses cholestenone stimulation of 
bile flow may bring about an augmentation of 
cholesterol synthesis that overrides the in- 
hibiting effects of the drug. The observed 
changes in hepatic cholesterol metabolism 
would be the resultant of these opposing fac- 
tors. 

Consideration of the data on the aorta 
again emphasizes that the lipid metabolism of 
this tissue is unique(9) when compared with 
the liver. Straight-forward inhibition of syn- 
thesis of cholesterol leading to a decrease in 
the aortic cholesterol content is the obvious 
interpretation of these data. No effect was 
apparent upon aortic phospholipid metabol- 
ism. One of the most interesting observations 
was the fact that this compound actually de- 
creased aortic cholesterol concentration.* Ap- 
parently degradation or mobilization of this 
sterol continued, unaffected by a significant 
decrease in cholesterol synthesis. If this phe- 
nomenon can be shown to obtain in the mam- 
mal, then it may have important therapeutic 
implications. 


Summary. Incorporation of acetate-1-C™ 


* It is, of course, conceivable that aortic cholesterol 
has been passively replaced by some other sterol not 
detected by our analytical methods. A study testing 
this hypothesis is in progress. 
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and P®? labeled phosphate into the cholesterol 
and phospholipids of plasma, liver, and aorta 
of chicks treated with A-4-cholestenone was 
measured. The response of the chick differed 
from that of the rat in that there was an en- 
hancement of the inclusion of the radioactive 
labels into their respective products in plasma 
and liver. A significant decrease in aortic 
cholesterol content and specific activity was 
noted. 
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Infection of Mice with G Variants (Micro-Colonies) of Brucella abortus. 


(24385 ) 


WESLEY W. SPINK AND DorotHy ANDERSON 
Department of Medicine, University of Minnesota Medical School, Minneapolis 


Hall and Spink(1) isolated a streptomy- 
cin-resistant strain of Brucella abortus in 
1946 from blood of human patient with bac- 
terial endocarditis due to Br. abortus, who had 
been treated with streptomycin. On agar 
plates this strain was composed mostly of min- 
ute colonies of brucellae having biochemical 
and serological characteristics of Br. abortus. 
These small colonies were markedly strepto- 
mycin-resistant, yet sublethal concentrations 
of the antibiotic stimulated growth, in marked 
contrast to the highly streptomycin-susceptible 
culture that had been obtained from blood of 
patient just prior to therapy with streptomy- 
cin. This small-colony strain was maintained 
in the laboratory for 7-years through many 
subcultures. Subsequently, Huddleson and 
Baltzer(2) in a study of the dissociation pat- 
tern of brucella isolated what they termed a 
“Type G (Micro-Colony Type) of Brucella 
abortus” from 10 of 12 strains of CO. depen- 
dent Br. abortus. They successfully infected 
guinea pigs with these micro-colonies, and 
postulated that these small forms of brucella 


might very well have been overlooked previ- 
ously in material cultured from tissues and 
body fluids of infected animals and man. 
They emphasized that these micro-colonies 
were not the same as those described by Pick- 
ett and Nelson(3). Further studies in our 
laboratory were also concerned with the G 
forms of Micrococcus pyogenes var. pyogenes. 
Wise and Spink(4) reviewed the available in- 
formation on micro-colonies originating from 
different species of bacteria, and pointed out 
that small-colony forms of staphylococcus 
could be readily selected out in vitro by sev- 
eral antibiotics. Evidence suggested this phe- 
nomenon also occurred in human patients who 
had been treated with antibiotics. Infections 
in animals were successfully established with 
G forms of staphylococci. The present report 
concerns investigations on brucella micro- 
colonies obtained in vitro from smooth strains 
of Br. abortus previously isolated from hu- 
man patients. Growth characteristics, bio- 
chemical and serological properties, and in 
vitro susceptibility of these forms to the ac- 
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tion of antibiotics were studied. Infections 
with brucella G colonies were established in 
mice. Serologic studies were made; a search 
for tissue reactions due to brucellae were car- 
ried out; and duration of infection was ascer- 
tained. 


Materials and methods. Isolation of micro- 
colonies from 14 smooth cultures of CO. de- 
‘pendent strains of Br. abortus obtained from 
human patients was attempted. The method 
slightly modified from that of Huddleson and 
Baltzer(2) was as follows: Cultures of Br. 
abortus were propagated on Albimi agar* 
slants for 48 hours in atmosphere of 10% 
CO,. Bacterial growth was harvested in ster- 
ile saline in concentration of approximately 4 
billion colonies ‘ml, and 0.5 ml of this suspen- 
sion was spread over the surface of a tryptose 
agar? plate, incubated aerobically at 37°C for 
12 days. Then with the aid of a stereoscopic 
microscope (20X magnification), small col- 
onies were readily detected and transferred to 
the surface of another tryptose agar plate. A 
pure culture of G colonies was obtained and 
maintained by subculturing every 6 to 8 days. 
Before any specific study was carried out, 3 
serial subcultures were made to ascertain 
colonial purity. Identification of micro-col- 
onies as members of Brucella species was es- 
tablished by study of colonial appearance, by 
morphologic and staining reactions, and by 
bacteriostatic dye tests(5), using strains of 
Br. abortus, Brucella suis and Brucella meli- 
tensis as controls. Because of slow growth 
of G forms upon agar and lack of growth 
in broth further biochemical tests were not 
performed. More specifically the strains were 
studied by quantitative agglutination with 
specific anti-brucella rabbit serum. Two-fold 
serial dilutions of the antiserum were pre- 
pared in saline. Suspensions of parent and G 
strains were adjusted to the same turbidity 
through use of photoelectric colorimeter. 
Equal aliquots of cell suspensions were added 
to the serum dilution series as in a standard 
tube agglutination test(7). As described 
later, further confirmation of the identity of 
these strains was lent by production of specific 
anti-brucella agglutinins in mice. A modified 


* Albimi Labs., Brooklyn, N. Y. 
+ Difco Labs., Detroit, Mich. 
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tube-dilution technic was employed for deter- 
mining im vitro susceptibility of micro-colonies 
to streptomycin and to oxytetracycline(6). A 
culture of G colonies grown on tryptose agar 
for 7 days was suspended in tryptose broth. 
Standardization of the inoculum was at- 
tempted by comparing turbidity of suspension 
of G colonies with a known suspension of 
parent cells. Normal-size aerobic colonies 
were freshly isolated from the CO»-requiring 
parent organisms, that direct comparison of 
antibiotic sensitivity could be made without 
added CO:. An inoculum of 5,000,000 or- 
ganisms/ml (parent or G strain) was added to 
falling concentrations of antibiotic in tryptose 
broth. Aerobic incubation at 37°C was car- 
ried out. Because the G strains did not re- 
produce sufficiently to cause turbidity in the 
broth, a 72-hour bactericidal endpoint of an- 
tibiotic activity was determined by subcultur- 
ing the contents of each tube on tryptose agar 
plates. Infections with G colonies were es- 
tablished in a population of 20 g ABC mice 
2 to 3 months of age. A 9-day agar growth of 
G variants was suspended in tryptose broth, 
adjusted turbidimetrically, diluted, and in- 
jected intraperitoneally in 0.5 ml amounts. 
An equal inoculum of a 48-hour growth of 
parent strain was inoculated into a control 
group of mice. The titer of brucella agglutin- 
ins was determied on hearts’ blood drawn at 
the time the animals were sacrificed for his- 
tological and _ bacteriological studies. <A 
standardized antigen and technic was em- 
ployed(7). The endpoint for agglutination 
test was the tube in highest dilution of serum 
that showed complete clumping of antigen 
and clear supernatant. An incomplete clear- 
ing of the suspended antigen was considered 
as “partial” agglutination titer of serum. The 
survival of G colonies in animals was deter- 
mined by grinding up the spleen under sterile 
conditions with 0.7 ml of saline, and inocu- 
lating 0.2 to 0.6 ml on the surface of each of 
3 plates of tryptose agar. Aerobic incubation 
was carried out, the colonies counted and iden- 
tified. 

Results. Morphology and growth proper- 
ties of G colonies. Small colonies were suc- 
cessfully isolated and subcultured from 11 of 
14 cultures of Br. abortus. G colonies were 
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isolated with ease from 6 of the 14 cultures. 
Isolates were successful with 4 additional 
strains following a second attempt. A few 
small colonies were isolated from the eleventh 
strain in the first attempt, but no growth was 
obtained with subsequent transfers. No small 
colonies could be isolated from 2 cultures, 
both obtained originally from the same pa- 
tient. The micro-colonies on the surface of 
tryptose agar plates were approximately 0.1 
mm in diameter, otherwise they had the same 
gross appearance as the large parent colonies. 
Morphological and tinctorial properties of the 
2 types of colonies when examined with 
Gram’s stain were the same. Whereas growth 
of parent large colonies was readily supported 
on Albimi agar plates, growth of transplanted 
micro-colonies did not take place on this me- 
dium. Good growth occurred on the surface 
of tryptose agar. Both media had the same 
content of agar, but the surface of the tryp- 
tose agar plates was softer. Viable cells from 
micro-colonies persisted in tryptose broth, but 
little or no reproduction took place. 

After the G forms had been transferred sev- 
eral times on tryptose agar, a few large col- 
onies made their appearance under aerobic 
conditions. When the tryptose agar plates 
were placed in an atmosphere of 10% COs 
reversion to the larger colonies readily oc- 
curred with every culture. When G cultures 
were placed in tryptose broth and 10% COs 
was added, the strains again reverted, and 
luxuriant growth appeared. Upon subsequent 
subculture to tryptose agar plates, large col- 
ony forms predominated. 

Attempts to isolate G colonies from broth 
suspensions of large colonies of the 3 species 
of brucella exposed to varying concentrations 
of antibiotics were unsuccessful. This method 
for isolating small colonies had proved suc- 
cessful for the staphylococcus. G colonies of 
brucella were not recovered from cultures of 
large colonies grown on the surface of gradi- 
ent agar plates containing antibiotics(8). 

Bacteriostatic action of dyes on micro- 
colonies. Three different cultures of G col- 
onies along with parent strains were sub- 
jected to bacteriostatic action of basic fuch- 
sin and to thionin, using tryptose agar as the 
nutrient base. Growth of parent cultures of 


INFECTION- WITH G VARIANTS OF Br. abortus 


Br. abortus was characteristically inhibited by 
thionin, but growth occurred in the presence 
of basic fuchsin. The results with G strains 
were not so definitive in the dye concentra- 
tions ordinarily employed. None of the G 
variants grew on thionin (1/100,000) in ac- 
cordance with the behavior of large colony 
Br. abortus strains; however, the G strain 
also grew with difficulty upon 1/80,000 basic 
fuchsin dye plates. 

Ageglutination of G cultures with anti-bru- 
cella serum. All of the 11 cultures of micro- 
colonies were readily agglutinated with anti- 
brucella rabbit serum, the endpoint of suspen- 
sions being the same for small and large par- 
ent cultures. 

Sensitivity of G cultures to antibiotics. 
Sensitivity tests were carried out with strep- 
tomycin and oxytetracycline, using 10 cul- 
tures of G colonies and large colony aerobic 
variants of the 10 parent strains. With strep- 
tomycin the average bactericidal endpoint of 
the 10 parent strains was 1.3 pg/ml while 
that of corresponding G strains was 2.15 pg/ 
ml, a difference of questionable significance. 
With oxytetracycline the parent strains were 
killed by an average concentration of 50 »g/ 
ml while the G strains were not inactivated 
until an average concentration of 150 ng/ml 
was reached. The difference in antibiotic 
concentration between tubes was 2-fold. 


Serological and bacteriological studies in 
mice following infection with G colonies. 
Heavy broth suspensions of 3 different G cul- 
tures were prepared, and 0.5 ml of each strain, 
or approximately 2.5 billion organisms, was 
injected intraperitoneally into a pair of mice. 
The mice were observed for 21 days, then 
sacrificed by withdrawing blood from the 
heart. During the period of observation the 
mice exhibited no ill effects. Post-mortem ex- 
amination revealed no gross abnormalities in 
liver, spleen or kidneys. Agglutination and 
bacteriological studies showed that 5 of the 
6 mice had been successfully infected. In 5 
infected mice, agglutinins were demonstrated 
in the serum. Two mice had a brucella ag- 
glutinin titer of 1 to 80; 2 had a titer of 1 to 
320, and one, a titer of 1 to 1280. G colonies 
were successfully isolated from the emulsified 
spleens of 3 of the 6 mice. G colonies were 
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TABLE I. Serological and Bacteriological Studies on Mice Infected with G Colonies of Br. 
abortus and Sacrificed at Varying Times after Infection, 


2 mo after infection 
Reciprocal 


5 mo after infection 


7 mo after infection 


ca : é Reciprocal Reciprocal 
: of aggluti- Colonies of of aggluti- Colonies of of aggluti- Colonies of 

Strain nation titer _brucella nation titer brucella nation titer —_ brucella 

524 80 0 40 (partial) 0 40 (partial 0 
80 (partial) 0 80 a 0 20 e 2 

es Ce 0 40” 0 0 
80 ‘a 21/0.2 ml 20 zi 0 40 0 
1302 40 a 1/0.2 ml 80 ee 0 40 0 
80 1/0.6 ml 40 . 0 40 (partial) 0 
2121 40 0 40 (partial) 0 40 0 
320 8/0.6 ml 20 A 0 40 0 
2165 80 (partial) 0 40 ja 0 20 0 
40 2 0 20 a 0 40 (partial) 0 


not grown from spleens of 2 mice, but when 
emulsions were incubated in the presence of 
COs, larger brucella colonies were obtained. 
These observations demonstrated that mice 
could be infected successfully with G cultures, 
and the organisms could be recovered from 
spleen within 21 days after infection. 

A second experiment was carried out to de- 
termine the relative pathogenicity of the par- 
ent strain with that of the G variant and also 
to determine how long G colonies could be 
recovered after infection from spleens of in- 
fected mice. All organs were examined both 
grossly and microscopically. Large colonies 
of 5 different parent strains of Br. abortus and 
corresponding G isolates were employed. Ap- 
proximately 200,000,000 organisms of each 
strain were injected intraperitoneally into 
groups of 6 mice (a total of 60 mice). At the 
end of 3 weeks all mice injected with the par- 
ent large colony strains were dead. Mice in- 
jected with the G variants displayed no signs 
of illness, and gained weight until sacrificed. 
Two mice of each strain were sacrificed 2 
months after infection; another pair 5 months 
after infection; and the last pair 7 months 
after infection. The results of the agglutina- 
tion reaction with sera and the bacteriological 
studies with emulsified spleens are presented 
in Table I. Brucella agglutinins were dem- 
onstrated in serum of all but one of the 30 
mice, indicating that infection had taken 
place. G colonies were isolated from spleens 
of 4 out of 10 mice 2 months after the or- 
ganisms had been injected. However, no G 


colonies could be cultured from the spleen 5 
and 7 months after the mice had been in- 
fected. Microscopic examination of sections 
of the liver, spleen and kidneys stained with 
hematoxylin and eosin did not reveal lesions 
compatible with a brucella infection in the 
mice sacrificed 2 and 5 months after being in- 
fected. 

Summary. The foregoing data show that 
pure cultures of micro-colonies can be iso- 
lated readily from smooth strains of Br. 


abortus. These G cultures can be main- 
tained for several generations if subcul- 
tures are incubated aerobically. When 


fresh transplants are incubated in an atmos- 
phere of 10% COs reversion to the large 
colonial form occurs. Mice can also be easily 
infected with G colonies and the small forms 
can be recovered from the tissues, though the 
infection is of low pathogenicity and of rela- 
tively brief duration. The practical signifi- 
cance of these observations in animal and in 
human brucellosis under natural conditions 
cannot be ascertained at this time. Huddle- 
son and Baltzer(2) did report the presence of 
G colonies of Br. abortus in a culture of 
stomach contents of an aborted bovine fetus, 
and Hall and Spink(1) isolated Br. abortus 
G colonies from a human patient. On several 
occasions we observed the presence of small 
colonies in cultures of Br. melitensis isolated 
from tissues of mice. It is suggested that a 
more intensive study should be made of fluids 
and tissues of animals and man for presence 
of small colonial forms of brucellae. 
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Influence of Cortisone on Infection in Mice Caused by Strain 19 


Brucella abortus. 
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When mice were pretreated with cortisone 
and then infected with a smooth culture of 
Brucella suis, a fulminating brucella infection 
resulted(1). Hepatic abscesses teeming with 
brucellae were observed in the cortisone- 
treated mice, in marked contrast to occasional 
granulomatous lesions seen in saline-treated 
control mice. Since cortisone intensified bru- 
cella infection due to an invasive strain of 
brucella, it was important to determine if the 
steroid accelerated infection due to a brucella 
strain with attenuated virulence. Strain 19, 
Brucella abortus is a stable, smooth dissociant 
of Br. abortus, widely used for immunizing 
cattle against brucellosis. This strain does 
not require additional CO, for growth. It is 
doubtful whether a persistent infection can 
be established in animals with this strain. 
There is no evidence that infection with strain 
19 has been transmitted from animal to ani- 
mal or that man has acquired the disease from 
animals immunized with the vaccine. How- 
ever, there are several well documented cases 
of human brucellosis caused by strain 19, in 
which man became accidentally infected while 
immunizing cattle(2). 

Materials and methods. Adult white male 
ABC mice weighing approximately 20 g were 
used. Twenty mice were injected daily sub- 
cutaneously with 0.2 ml saline, and 20 mice 
were injected daily for 13 days with 0.5 mg 
of cortisone acetate. Each of these 2 groups 
were injected intraperitoneally on the third 


day of the foregoing treatment with 10 million 
organisms of strain 19 Br. abortus. Ten un- 
infected control mice were treated daily with 
0.5 cortisone for 13 days. The 2 groups of 
infected mice were sacrificed 7, 15 and 21 
days after infection. The titer of brucella ag- 
glutinins was determined on heart blood. 
Liver, spleen, and kidney of each mouse were 
examined grossly, and quantitative brucella 
cultures of the emulsified organs were made 
on Albimi brucella agar.* Sections of liver 
were stained with hematoxylin and eosin and 
examined microscopically. 

Results. Saline-treated infected mice ap- 
peared healthy throughout period of observa- 
tion, whereas cortisone-treated infected and 
uninfected mice lost weight. Serological and 
bacteriological studies on the saline-treated 
and cortisone-treated groups of infected mice 
are presented in Table I. Cortisone did not 
interfere with formation of brucella agglutin- 
ins, the titers being approximately the same 
in the 2 groups. There was a significantly 
greater number of brucella colonies in the or- 
gans of the cortisone-treated mice. In con- 
trast with previous studies on effects of corti- 
sone on tissues invaded by the more virulent 
species of Brucella, there was no outstanding 
difference between saline-treated and corti- 
sone-treated mice infected with strain 19. 
Seven days after infection the saline-treated 
group showed a large number of well-defined 

* Albimi Laboratories, Brooklyn, N. Y. 
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TABLE I. Serological and Bacteriological Studies on Mice Infected with Strain 19, Brucella abortus 
and Treated with Saline or Cortisone. 


——————Saline-treateda-——____, ——————_Cortisone-treated ern, 


No.mice & Reeiprocal Avg No. of brucella colonies Reciprocal Avg No. of brucella colonies 
days after of brucella per 0.1 mg of organ* of brueella per 0.1 mg of organ* 
infection agglutinins ———— —_—__________,,_ agglutinins — 
sacrificed (avg) Liver Spleen Kidney (avg) Liver Spleen Kidney 
5 in each group 320 2+ to 3+ 44 3+ to 4+ 640 3+ to 4+ 4+ 
in 7 days 
S5ineach group 1280 40(1neg.) 2,500 175 (2 neg.) 1280 2,550 5,500 4,800 (1 neg.) 
in 15 days 
10 saline & Seor- 1280 39 (1neg.) 2,950 62 (3 neg.) 640 189(1 neg.) 10,900 294(1 neg.) 


tisone, 21 days 


* 2+ — more than 5,000 colonies; 3+ = more than 50,000 colonies; 4+ = solid growth of brucel- 


lae. 


hepatic granulomas. Fewer granulomas were 
apparent in livers of the cortisone-treated 
mice, and they were less well defined. Fifteen 
days after infection, cellular infiltration in the 
2 groups was approximately the same, except 
that the saline-treated group had more or- 
ganized granulomas in the liver. After 3 
weeks well organized granulomas were noted 
in livers of both groups of mice, but the num- 
ber of granulomas in the cortisone-treated 
group was slightly greater than in the saline- 
treated mice. In general, the granulomatous 
tissue reaction of the saline-treated group of 
infected mice was more uniform than in the 
cortisone-treated mice. No granulomas were 
seen in the cortisone-treated, non-infected con- 


trol mice, but a few areas of cellular infiltra- 
tion were observed. 

Summary and conclusions. An acute infec- 
tion with strain 19, Br. abortus was estab- 
lished in mice. Simultaneous treatment with 
cortisone enhanced the infection, but did not 
interfere with the formation of brucella ag- 
glutinins. However, cortisone did not cause 
the severe necrosis of the hepatic parenchyma 
and proliferation of brucellae that had been 
previously observed in studies with a more 
virulent species of Brucella. 

1. Abernathy, R., Spink, W. W., J. Clin. Invest., 
1952, v31, 947. 

2. Spink, W. W., Ann. Int. Med., 1957, v47, 861. 
Received August 25, 1958. P.S.E.B.M., 1958, v99. 


Evidence for Existence of Mammogenic Hormone.*t (24387) 


Henry C. Damm} AND CHARLES W. TURNER 
Department of Dairy Husbandry, University of Missouri, Columbia 


For over 20 years it has been known(1) 
that the anterior pituitary gland is necessary 
and directly or indirectly responsible for mam- 
mary gland lobule-alveolar growth. Whether 
a specific mammogenic (mammary gland 
growth promoting) hormone is secreted by the 
anterior pituitary has not been answered con- 
clusively(2,3). Much disagreement has 


* Contribution from Dept. of Dairy Husbandry, 
Mo. Agr. Exp. Sta. Journal Series No. 1895. Approved 
by Director. 

+ This investigation was supported in part by grant 
from Am. Cancer Soc. 

+t PHS. Research Fellow of Nat. Cancer Inst. 


stemmed from the fact that mammogenic ac- 
tivity has been found to be associated with 
those extracts of pituitary tissue containing 
high lactogenic activity. Comparisons of lac- 
togenic and mammogenic potencies of various 
preparations(5) indicated extreme differences 
in relative amounts of these hormones. How- 
ever, these assays were based on older, more 
subjective technics(4,5) which had no method 
of estimating variance of assayed potency. If 
definite, significant differences were shown be- 
tween lactogen/mammogen ratios of several 
anterior pituitary preparations it would ap- 
pear that mammary gland growth is not due 
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TABLE I. Lactogen/Mammogen Ratios of Various Pituitary Fractions. 


Lactogen mean log, Mammogen mean log, 
relative potency 


relative potency 


Lactogen/mam- 
mogen ratio 


Substance 
Anterior pituitary —2.79588 + . 
Initial extract — .78252 + . 
Armour lactogenie hormone, lot => Atle Py re. 
759-014A (mammogen assay 1) 
Idem (mammogen assay 2) — 91721 +. 
Armour lactogenic hormone po AU Zitat 
lot R-491154 
Squibb lactogenic hormone 41196 +. 


lot 71713 


16997 —.58021 + .22325 —2.21567 + .280 
12617 —.67346 + .13906 — 10906 + .187 
23915 .94768 + .21472 —1.86489 + .321 
23915 1.10023 + .09285 —2.01744 + .256 
24961 1.09899 + .08473 — .78197 + .264 
0921 1.11136 + .0827 — 6994 + .124 


to the lactogenic hormone per se, but rather to 
a separate pituitary hormone. It will be 
shown that the amount of lactogen and mam- 
mogen in several preparations differs widely, 
indicating that the pituitary hormone stimu- 
lating mammary gland growth is different 
from the hormone stimulating milk secretion. 

Materials and methods. The lactogenic 
hormone was assayed by a method developed 
by Grosvenor and Turner(6) based upon the 
response of pigeon crop glands to graded doses 
of sheep lactogenic hormone. One dose each 
of desiccated anterior pituitary powder, initial 
extract of anterior pituitary(7), Armour lac- 
togenic hormone (lot 759-014A), Armour 
lactogenic hormone (lot R-491154) and 
Squibb lactogenic hormone (lot 71713) was 
injected intradermally over the crop-sac into 
different groups of pigeons each day for 4 
days. On the fifth day the birds were killed, 
crop-sacs removed and cut in half. Each half 
was stretched fully by 2 persons over a light 
source while a third person matched the area 
of response as closely as possible with one of 
8 plastic gauges which ranged in diameter 
from 0.50 to 4.0 cm. Relative potency was 
calculated from mean response and standard 
regression line(6). Standard error of assay 
was calculated as standard error of difference 
between means of samples (S? assay = Syx® 
--+ S* sample), where Syx is the standard de- 
viation about the line of means(9) and §S 
sample is the standard error of the sample. 
Desoxyribosenucleic acid (DNA) method of 
determination of extent of mammary gland 
growth was used. The previously determined 
synergizing dose of estradiol benzoate (.75 
pg/day) with graded levels of progesterone 
and length of injection time (10 days) were 


used to produce a standard DNA line in each 
set of assays(8). Comparisons of growth were 
made by injecting .75 pg estradiol benzoate 
plus single doses of each of the above pitui- 
tary preparations; one replication with Ar- 
mour lactogenic hormone (lot 759-014A) was 
carried out. Mammogenic potency and error 
limits were calculated in essentially the same 
manner as the lactogenic hormone potency 
calculations. Since distributions about the 
relative potencies are normal only when in log 
form, results of assays are reported as mean 
log relative potencies, with log standard er- 
rors. Log lactogen-mammogen ratio was 
computed as the difference between mean log 
relative potencies of any given preparation. 
Standard error of the ratio was computed in 
same manner as standard error of mean dif- 
ference. 

Results. Highly significant differences 
were found between lactogen/mammogen ra- 
tios of several anterior pituitary preparations 
assayed (Table I). Dessicated anterior pitui- 
tary differed in ratio-potency from initial ex- 
tract, Armour lactogenic R-491154 and 
Squibb lactogenic 71713. Initial extract dif- 
fered from the 3 purified lactogenic prepara- 
tions. Armour lactogenic 759-014A, on both 
mammogen assay and reassay differed from 
the other 2 lactogenic preparations. No sig- 
nificant differences were found between des- 
iccated anterior pituitary preparation and Ar- 
mour lactogenic lot 759-014A, nor between 
Armour lactogenic R-491154 and Squibb lac- 
togenic lot 71713. 

Discussion. Comparisons of the ratio of 
lactogen/mammogen biological activity in a 
series of anterior pituitary preparations vary- 
ing in purity from an acetone dried powder to 
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preparations showing high lactogenic activity 
confirm earlier observations(5) indicating 
marked differences. In the present study im- 
proved objective technics for the assay of 
these hormones and _ statistical procedures 
were used. 

In consideration of results of screen assays 
of various substances, several factors must be 
taken into account. The true slope of lines 
which might be produced by graded levels of 
the “unknown” substance could easily differ 
from that of the standard, indicating a differ- 
ent mechanism of action of the substances in 
question. According to present theory, the 
substances compared for mammogenic activ- 
ity probably do have mechanism of action 
different from the standard against which they 
were compared (progesterone). The converse 
logic cannot be applied in this case, however. 
One cannot assume that the substances have 
the same mechanism of action if a difference 
in slope is not found between the “standard”’ 
and “unknown.” 

Confidence intervals themselves should be 
taken with some reservations, keeping in mind 
that they are only estimates of the true vari- 
ance. 

In view of the fact that screen assays are 
“pilot” in nature, to differentiate between ac- 
tivity or no activity (and to a certain degree 
the relative amount of activity), some cri- 
teria must be used in the assay for this pur- 
pose. In mammogenic assay, whole mount 
observation of 14 of the total mammary gland 
tissue gives some indication of type and ex- 
tent of growth. If consistent normal alveolar 
growth is found upon examination, and the 
mean DNA value falls within the range of 
DNA produced by respective progesterone 
doses, it would appear reasonable to inter- 
polate an equivalent progesterone dose and 
subsequent relative potency. If the DNA 
values of the “unknowns” fall outside the 
standard range, and whole-mount observation 
indicates other than normal development, it 
would seem prudent to adjust the dose of 
“unknown” accordingly on a reassay, rather 
than make any attempt at extrapolation. 
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Relatively conclusive proof has been pre- 
sented that the lactogen/mammogen ratios 
are different in several of the preparations 
studied. With this evidence at hand, it would 
be difficult to reconcile a theory proposing that 
lactogenic and mammogenic hormones are the 
same entity. 


While definite differences in lactogen/mam- 
mogen contents between several anterior pitui- 
tary preparations have been demonstrated in 
the present and previous work(5), ultimate 
proof of existence of a specific mammogenic 
hormone of the anterior pituitary will rest 
upon isolation of a factor essentially free of 
lactogenic hormone but exhibiting high mam- 
mary gland growth promoting activity. 


Summary. Improved objective technics for 
assay of lactogenic and mammogenic hormones 
have been developed. The amount of lacto- 
gen and mammogen has been estimated in sev- 
eral different pituitary preparations by these 
assay methods. Wide differences in lactogen/ 
mammogen ratios between preparations were 
demonstrated. These observations are taken 
to indicate that the pituitary hormone stimu- 
lating mammary gland growth (mammogen) 
is different from the hormone stimulating milk 
secretion (lactogen). 
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Selective Block of Synaptic Transmission in Ciliary Ganglion by Type A 


Botulinus Toxin in Rabbits. 


(24388) 


Cart Kuprer (Introduced by Carl Lamanna) 
Wilmer Ophthalmological Institute, Johns Hopkins Hospital and University 


The work of Ambache(1,2) has demon- 
strated that type A botulinus toxin can be 
used as a pharmacological agent to block se- 
lectively both synaptic transmission in au- 
tonomic ganglia and post-ganglionic choliner- 
gic transmission in end-organs (e.g. the iris 
and nictitating membrane of the cat). Be- 
cause the botulinus toxin was lethal, the ex- 
periments were necessarily acute. No animal 
survived after the fourth or fifth day follow- 
ing toxin administration. It is the purpose 
of this paper to demonstrate that a prolonged 
block of synaptic transmission may be in- 
duced by local application of type A botulinus 
toxin to the ciliary ganglion when this is fol- 
lowed in a short time by parenterally admin- 
istered type A botulinus antitoxin. This spe- 
cific block of synaptic transmission in the cili- 
ary ganglion persists in the intact animal for 
at least 6 months. The block so produced af- 
fects only the parasympathetic efferent nerves, 
that is, those which synapse in the ciliary gan- 
glion and innervate the ciliary body and iris. 
There is no interference of nervous transmis- 
sion of sympathetic or somatic nervous path- 
ways. 

Material and methods. Type A botulinus 
toxin* was prepared as outlined by Lamanna 
et al.(3). Dilutions of toxin were carried out 
so that 1.0 ml of toxin contained 8.0 x 10* 
LD; mouse units. Type A botulinus antitoxin 
contained 50 antitoxin units/ml.t There were 
94 rabbits? in all including those used for pre- 
liminary studies. 1. Retrobulbar injection. 
After lightly anaesthetizing the rabbit (100 
mg pentobarbital intramuscularly), the right 
eye was proptosed. A 2-inch #25 needle was 
used to inject 0.5 ml of botulinus toxin into 
the apex of the orbit in the region of the cil- 
iary ganglion. Fifteen minutes following 
retrobulbar injection of the toxin, 1.0 ml type 
A botulinus antitoxin was injected intramus- 
ok Kindly supplied by Dr. Carl Lamanna. 

+ Fort Dodge Laboratories, Iowa. 

+ Research Supply Co., Philadelphia. 


cularly in the interscapular area; then the 
right eye was dressed with terramycin oint- 
ment. This procedure was performed on 45 
albino rabbits. 2. Intravitreal injection. An 
additional twenty rabbits were anaesthetized 
and the right eye proptosed; 0.05 ml of aque- 
ous humor was withdrawn from the anterior 
chamber and 0.1 ml type A botulinus toxin 
injected into the vitreous humor through the 
pars plana region, making an attempt to pene- 
trate the sclera obliquely so as to minimize 
sub-conjunctival leakage. Twenty-five min- 
utes following toxin injection, 1.0 ml of type 
A botulinus antitoxin was injected intramus- 
cularly and the right eye dressed. The ciliary 
ganglion (CG) was isolated using a technic 
developed by Holland (personal commu- 
nication); the superior cervical ganglion 
(SCG) was isolated in routine fashion. 
The third nerve was isolated  intra- 
cranially in the decerebrate rabbit. All elec- 
tric stimulation of the nerves and ganglia was 
performed with the Lab-Tronics Physio-Stim- 
ulator Model N-103-B using 2 silver wire 
electrodes. Pharmacological preparations 
used were eserine sulphate 1/4%, pilocarpine 
hydrochloride 2%, adrenalin 1:1000 and co- 
caine hydrochloride 4%. Measurements were 
made of pupillary diameter with a straight 
millimeter ruler in daylight. In 8 rabbits, 
retrobulbar injection of boiled botulinus toxin 
was performed as controls on the left side. 
The injection was made in the same manner 
as outlined above. 


Results. 1. Retrobulbar toxin, right eye. 
Despite protection by systemic administration 
of antitoxin as outlined in the time schedule, 
4 animals died of botulinus intoxication with- 
in 72-96 hours. Of the remaining 41 animals, 
23 had a dilated fixed pupil on the injected 
side, indicating interruption of the motor in- 
nervation to the sphincter muscle of the iris. 
The remaining 18 rabbits demonstrated either 
no pupillary dilatation or minimal dilatation. 
We will confine our remarks to the 23 animals 
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TABLE I. Pupillary Reaction following Electrical 
Stimulation. 


-——Pupillary reaction——_, 


Area stimulated Right eye* Left eyet 


Superior cervical 
ganglion 


Pupil dilates 
briskly 
2/2 


Pupil dilates 
briskly 
oso 


ofa 


Third nerve—. No reaction Pupil constricts 


intracranial noted slowly 
portion 4/4 3/5 
Ciliary ganglion Pupil constricts Pupil constricts 
slowly slowly 
2/4 3/5 


* Right retrobulbar inj. of ciliary ganglion with 
botulinus toxin. 

+t Normal control. 

¢ No. of animals responding as indicated as com- 
pared to No. of animals tested. 


that developed a dilated fixed pupil. 


Within 24-36 hours after injection, these 
animals exhibited a dilated fixed pupil on the 
injected side measuring about 9.0 mm as com- 
pared to the left eye, the pupil of which 
measured 5.5 mm. The dilated fixed pupil 
persisted unaltered for at least 6 months be- 
fore some of the animals began to show a 
sluggish pupillary constriction to light. Of 
the 23 animals, 16 still had dilated fixed pu- 
pils 9 months later. In those eyes receiving 
a retrobulbar injection of boiled toxin (which 
destroys its activity), there were no pupillary 
abnormalities whatsoever and these animals 
were indistinguishable from the non-injected 
controls. The rabbits were allowed to recover 
from the experimental procedure over a period 
of 7 days before further experiments were per- 
formed. 

a. Results of electric stimulation. Table I 
summarizes the pupillary response on the in- 
jected side and control side. Stimulation of 
the SCG produced good pupillary dilatation. 
Third nerve stimulation (preganglionic para- 
sympathetic efferents) yielded no pupillary 
response on the injected side whereas direct 
CG stimulation (post-ganglionic parasympa- 
thetic efferents) produced a slow pupillary 
constriction on the injected side in half the 
rabbits. It would appear then that the site 
of block of the nerve impulse is at the synapse. 
There was constriction of the pupil on the 
control side in 3 of the 5 animals with both 
pre- and post-ganglionic nerve stimulation. 
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b. Results of pharmacological stimulation. 
Table IT summarizes the pupillary response 
on the injected and control side. Although 
topical eserine caused some pupillary con- 
striction on the injected side, it was not as 
marked as the constriction on the control side. 
Pilocarpine further constricted the pupil on 
the injected side. There was a normal reac- 
tion to adrenalin and cocaine on both sides. 
These pupillary reactions to topical drugs 
give further support to the previous evidence 
that while the sympathetic nervous pathway 
to the iris appears intact, there is a block of 
the parasympathetic efferent pathway. The 
localization of this block is better indicated by 
electrical stimulation experiments. 

2. Intravitreal injection, right eye. There 
were no deaths in this group and 16 of the 20 
rabbits had a dilated fixed pupil within 24 
hours. Following injection, there was an in- 
flammatory reaction in the vitreous with for- 
mation of a retrolental membrane. These eyes 
became blind. 


a. Electrical stimulation. The pupil dilated 
briskly on electrical stimulation of the SCG 
indicating that the sympathetic pathways were 
intact. The pupil failed to constrict on the 
injected side to CG stimulation, indicating 
that the site of block of the nerve impulse is at 
the post-ganglionic cholinergic nerve ending 
of the iris and ciliary body. The control eye 
responded as before. 

Discussion. 1. Retrobulbar injection of 
botulinus toxin. By following a retrobulbar 
injection of type A botulinus toxin at an ap- 
propriate time interval with parenterally ad- 


TABLE II. Pupillary Reaction following Pharma- 
cological Stimulation. 


Avg pupillary size in mm* 


Right eyet Left eyet 
3efore After 3efore After 
Adrenalin + 9.0) 10.0 Sy) 11.0 
cocaine 
Eserine 9.0) 4.5 5.5 1.5 
Pilocarpine 9.0 3.0 5.5 3.0 


* This data is purely qualitative in nature and is 
not meant to truly quantitate the effect of each 
particular drug used. 

+ Right retrobulbar inj. of ciliary ganglion with 
botulinus toxin. 

$} Normal control. 
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ministered type A botulinus antitoxin, there 
develops a dilated fixed pupil on that side in 
the majority of surviving animals. Since para- 
sympathetic efferent fibers are the only ones 
to synapse in the ciliary ganglion, and elec- 
trical and pharmacological data presented in 
this paper indicate an interruption of these 
pathways at the synaptic level, one may con- 
clude that the toxin has been fixed at the sites 
of action in the ciliary ganglion by the time 
antitoxin is given systemically. The antitoxin 
then serves to prevent the further acton of the 
toxin at other sites such as neuromuscular 
junctions or other ganglionic synapses. Such 
an animal has a highly localized nerve defect, 
i.e. synaptic block of the parasympathetic ef- 
ferent nerves to the eye. Other than in those 
animals which died, there were no gross signs 
or symptoms of impairment of other functions 
such as ocular motility, blinking reflex, cor- 
neal sensation or general neuromuscular dys- 
function. 


This nerve block persists for at least 6 
months and then appears to be reversible in 
only a small number of animals. Thus ample 
time is available for experimentation during 
this period. 

2. Intravitreal injection of botulinus toxin. 
By utilizing the same technic but using the in- 
travitreal route for introduction of the toxin, 
a dilated fixed pupil is again produced, pre- 
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sumably due to a block of the nerve impulse 
at the post-ganglionic (cholinergic) nerve end- 
ings in the iris and ciliary body. The toxin 
diffuses forward from the vitreous and is se- 
lectively affective at this site. Since the pupil 
does dilate further to SCG stimulation (and 
topical cocaine-adrenalin) it is evident that 
the post-ganglionic adrenergic nerve endings 
to the iris are still intact. This data supports 
Ambache’s contention that the toxin selec- 
tively blocks post-ganglionic cholinergic nerve 
transmission while leaving post-ganglionic 
adrenergic nerve transmission unaffected. 
Summary. 1. It has been demonstrated 
that retrobulbar injection of type A botulinus 
toxin in rabbits followed in 15 minutes by sys- 
temic administration of type A botulinus anti- 
toxin produces a dilated fixed pupil in the 
eye on the injected side. 2. The dilated fixed 
pupil results from a block of the parasympa- 
thetic efferent nerves synapsing in the ciliary 
ganglion. This block is produced by the botu- 
linus toxin. 3. Such a block persists in the 
intact animal at least 6 months without inter- 
ference to nerve transmission of sympathetic 
or somatic pathways elsewhere in the animal. 


1. Ambache, N., J. Physiol., 1949, v108, 127. 

Ze ) 202¢., 19ST Vall Sale 

3. Lamanna, C., Jensen, J. I., Bross, D. J.. Am. J. 
Hivos 1955.) -V62. ale 
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Compatibility System Controlling Heterokaryon Formation in Streptomyces 


coelicolor.* 


(24389) 


S. G. BRADLEY AND D. L. ANDERSON 
Dept. of Bacteriology and Immunology, University of Minnesota, Minneapolis 


Most of the mutant characters which have 
been studied genetically in Streptomyces coeli- 
color have been morphological variations and 
growth-factor requirements. In the strepto- 
mycetes, heterokaryons and _ recombinants 
which were formed by interaction of 2 growth- 


* This investigation was supported in part by re- 
search grants from Nat. Inst. of Allergy and Infect. 
Dis., P.H.S., and from Medical Research Fund, Univ. 
of Minnesota. 


factor dependent mutants have been found to 
grow readily without added supplements if the 
genes involved were nonallelic(1,2). This in- 
creased growth has been attributed to recipro- 
cal sustenance of different nuclei in a common 
cytoplasm in the case of heterokaryosis, and in 
the case of recombination to reformation of 
the full complement of normal genes within a 
nucleus. Conversely, if the genes involved 
are allelic, no growth of the growth-factor de- 
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TABLE I. Characteristics of Strains of Strepto- 
myces coelicolor Used and Their Ancestors. 


Strain No. Source Genotypic formulae* 
S 16 wildtype —— prototrophie V* 
125 S16 meth- V* 
207 a OHprol V* 
199 wildtype _ prototrophie V* 
202 $199 eyst- prol V* 
203 7 ura” arg™ V* 


* Abbreviations employed are: V* and V°* (resis- 
tance and susceptibility to bacteriophage P10); 
meth~ (requires added methionine) ; OHprol- (re- 
quires added hydroxyproline) ; cyst- (requires ad- 
ded cysteine) ; prol- (requires added proline) ; ura~ 
(requires added uracil) ; arg™ (requires added argi- 
nine). 


pendent mutants occurred in the absence of 
added supplements because no normal genes 
were present to compensate for the deficien- 
cies(3,4). However certain other mixtures of 
growth-factor dependent mutants of S. coeli- 
color have failed to produce growth-factor in- 
dependent colonies, i.e. prototrophs. With 
these mixtures the diversity of growth-factor 
requirements suggested that failure to form 
prototrophs was the result of factors other 
than allelism. A reasonable explanation was 
that mutations, which did not noticeably affect 
the morphology or growth of the organism but 
did affect the capacity of the organism to in- 
teract with one another, might have occurred 
among nutritional mutants obtained subse- 
quent to ultraviolet irradiation. This report 
presents evidence for a compatibility system, 
which may have arisen by mutation, controll- 
ing heterokaryon formation in S. coelicolor. 


Methods. The strains of S. coelicolor used 
were mutants which required added growth- 
factors in order to grow, i.e. auxotrophic mu- 
tants, and were derived from either strain $16 
or $199. Characteristics of the strains used 
and their ancestors are shown in Table I. The 
media employed and the experimental details 
of the tests for capacity of auxotrophic pairs 
to produce prototrophs have been previously 
described(5). The test procedure may be 
summarized as follows: pairwise mixtures of 
auxotrophic mutants were grown together at 
30°C on complete medium for 5 days, and 
then replica plated to minimal and complete 
media; after 3 more days incubation, plates 
were scored for the presence of colonies able 
to grow on minimal medium; these nutrition- 
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ally independent colonies were picked from 
complete medium and purified by serial sub- 
culture of isolated colonies; finally suscepti- 
bility to bacteriophage P10 was determined, 
using a standard suspension containing 10° 
bacteriophage/ml. 


Results. Strain $207 formed prototrophs 
with $125 but not with $202 or S203. Strains 
$125, $202 and $203 formed prototrophs with 
each other in all possible pairwise combina- 
tions. The numbers of prototrophs formed 
by these combinations are shown in Table II. 
During continued subculture of these proto- 
trophs on complete medium, the parental 
types were recovered as colonies and sectors, 
however the parental types were not recovered 
with equal frequency. 


Susceptibility of prototrophs from mixtures 
of S125 + $202 and S203 + S125 to bac- 
teriophage P10 was determined. Of proto- 
trophs tested, all 34 from the former mixture 
and all 42 from the latter mixture were sensi- 
tive to bacteriophage P10. 


Thus, certain combinations of auxotrophic 
mutants of S. coelicolor did not produce pro- 
totrophic colonies. The failure of the auxo- 
trophic pairs to produce prototrophs was not 
the result of allelism because 1) the genetic 
markers were so diverse that allelism would 
not be expected and 2) nonproductive pairs 
were productive in other combinations with 
each other, which would not be possible if the 
genes preventing prototroph formation were 
allelic. Therefore a compatibility system 
controlling prototroph formation exists. It 
has been concluded that this compatibility 
system acts at the level of heterokaryosis be- 
cause 1) the growth-factor independent colo- 


TABLE II. Number of Prototrophs Formed by 
Auxotrophic Pairs of Streptomyces coelicolor. 


No. colonies on minimal medium 


Mixture Max Median Min 
$125 alone 0 0 0 
DOP ae 0 0 0 
203” 0 0 0 
207 ” 0 0 0 
207 + 8202 0 0 0 
207 + 8203 0 0 0 
207 + 8125 12 5 0 
202 + $2038 209 Do 26 
125 -— ” 1,000 451 138 
125 + $202 3,000 1,000 584 
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nies from mixtures where bacteriophage P10 
susceptibility could segregate were always 
sensitive and 2) upon continued subculture, 
the parental types were recovered from the 
prototrophs. The first point conclusively 
ruled out reciprocal feeding by a mixed popu- 
lation of cells because the resistant component 
could not be demonstrated as a discrete unit, 
indicating that the interaction was intracellu- 
lar. Both lines of evidence argued against 
haplophase recombination because 1) bac- 
teriophage P10 susceptibility did not segre- 
gate and 2) the prototrophs subsequently 
yielded parental dissociates. The remaining 
possibilities were heterokaryosis and parasex- 
uality(6). The latter hypothesis would pre- 
dict that nonparental types as well as parental 
types should be recovered from the proto- 
trophs. Inasmuch as nonparental types have 
not been found, the only hypothesis which was 
consistent with all of the data was hetero- 
karyosis. 

Our data indicated that 2 factors deter- 
mined heterokaryotic compatibility in S. coeli- 
color, as was found to be the case for hetero- 
karyotic compatibility in Neurospora crassa 
(7). At least one of the compatibility factors 
arose by mutation because S207 and S125 dis- 
played different compatibility responses even 
though these two strains had a common an- 
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cestor. It is not possible at this time definite- 
ly to conclude that the factors controlling 
heterokaryotic compatibility in S. coelicolor 
represent nuclear genes. 

Summary. Heretofore, complementary pairs 
of growth-factor dependent mutants of Strep- 
tomyces coelicolor have interacted to yield 
colonies which grow readily in the absence of 
added supplements. Recently however cer- 
tain combinations have been found which did 
not interact successfully. This failure of nu- 
tritionally dependent mutants to form growth- 
factor independent growth was not the result 
of allelism, but of a compatibility system 
controlling heterokaryon formation. The com- 
patibility system was apparently determined 
by two factors, one of which probably arose 
by mutation. 


1. Sermonti, G., Spada-Sermonti, I., J. Gen. Micro- 
biol., 1956, v15, 609. 

2. Bradley, S.G., J. Bact.; 1957, v/3, 581. 

3. Bradley, S. G., Lederberg, J., zbid., 1956, v72, 219. 

4. Braendle, D. H., Szybalski, W., Proc. Nat. Acad. 
Sci., 1957, v43, 947. 

5. Bradley, S. G., J. Gen. Microbiol., 1958, v18, 591. 

6. Pontecorvo, G., Proc. 9th Intern. Cong. Genetics, 
1954, v1, 192. 

7. Garnjobst, L., Am. J. Bot., 1953, v40, 607. 


Received September 4, 1958. P.S.E.B.M., 1958, v99. 


Anti-Progestational Activity of Estrogens in Rabbit Endometrium*t (24390) 


Tamotsu MIyAKr AND GREGORY PINCUS 
Worcester Fn. for Experimental Biology, Shrewsbury, Mass. 


Established ability of estrogens to inhibit 
progestin-induced endometrial proliferation 
has been thoroughly reviewed by Courrier(1). 
This anti-progestational effect has been de- 
termined by histological methods, and_ its 
demonstration has been either qualitative or 
roughly quantitative. With development of 
the Lutwak-Mann test(2) for progestin- 


* The investigations described in this paper were 
conducted under contract with U.S.P.H.S. 

t We gratefully acknowledge the technical’ assis- 
tance of Dr. K. Yamashita, Miss A. Merrill, and 
Miss J. Hinton. 


induced endometrial carbonic anhydrase in- 
crease, aS a quantitative assay in the rabbit 
(3), we felt that accurate quantitation of the 
anti-progestational effect might also be 
achieved. We had previously shown that 
quantitative estimates of progestational po- 
tency made by carbonic anhydrase measure- 
ment correlated extremely well with concomi- 
tant measurements of the degree of pseudo- 
pregnant proliferation(3,4). Accordingly, in 
studying the estrogen effect we have measured 
in samples of the same uteri both carbonic 
anhydrase concentration and degree of pseu- 
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FIG. 1 (left). The relationship between enzyme unit and amount of enzyme. 


FIG. 2 (right). Dose-response regression lines of 


dopregnant proliferation. We present here 
the effects on endometrial carbonic anhydrase 
and pseudopregnant proliferation of: (a) 4 
estrogens—estrone, estradiol-178, estriol and 
stilbestrol, (b) various dosages of progester- 
one alone and in combination with fixed dos- 
age of estradiol-178 and (c) various dosages 
of 4 estrogens in combination with a standard 
dose of progesterone. 

Methods. Following the Clauberg method 
(S), immature rabbits weighing approxi- 
mately 1.5 kg were injected subcutaneously 
once daily with 5 yg of estradiol for 6 days. 
After this period of estrogen-priming, rabbits 
were injected subcutaneously once daily with 
various doses of progesterone and/or estrogen. 
Progesterone in 0.2 ml volume was injected 
at the neck, and estrogen in 0.1 ml at the 
center of back. The animals were sacrificed 
24 hours after last injection. All hormones 
were dissolved in Sesame Oil U.S.P. The pro- 
cedures for measurement of endometrial car- 
bonic anhydrase content are the same as those 
described previously(3,4). In the estimation 
of enzyme activity, however, the following 


definition of an enzyme unit was used. 
tot 1000 


x 
t CV 


EU/g wet tissue = 


EU = Enzyme unit 
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estrogens on anti-progestational activity. 
t, = Reaction time without enzyme (constant) 
= Reaction time with enzyme 
C = Conc. of extract (mg/ml) 
V = Volof extract which gave value ‘‘t’’ 


Linear relationship between (t,—t)/t and 
concentration of enzyme was confirmed as 
shown in Fig. 1. In determination of enzyme 
activity, the value “‘t,”’ was kept constant in 
60 to 90 seconds, and the value “‘t” was ad- 
justed to get “‘t” in the range of 10 to 40 
seconds, whereby a linear relationship was 
obtained between (t,—t)/t and concentration 
of enzyme. The data obtained according to 
the above formula were approximately 3 times 
higher than those obtained by the Keil'n- 
Mann formula(6) used  previously(3,4). 
Measurements of degree of pseudopregnant 
proliferation in the uterine endometrium were 
made as previously described(3,7) using the 
ratio of glandular (G) to total mucosal area 
(M). 

Results. Table I presents measurements of 
carbonic anhydrase content and degree of 
pseudopregnant proliferation (G/M) in con- 
trol rabbits receiving the vehicle alone and in 
rabbits injected with the 4 estrogens listed. 
It is clear from the data that there is no sig- 
nificant difference in mean carbonic anhy- 
drase content or in mean G/M ratio in the 
control and treated groups. The dose/rabbit 
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TABLE I. Effect of Estrogen on Carbonic Anhy- 
drase Activity and G/M Ratio of Clauberg Rabbits’ 


Endometrium. 
EU/g 

No. of wet G/M 

Dose (mg rab- tissue ratio 

Compound perrabbit) bits (Mean + S.E.) 
Control Sesame oil 17 23+3 .234+.019 
Hstrone eo) 5 ae .231+.016 
Estradiol me 5 22+2 .226+.014 
Estriol #! 5 2742 .233+.010 
Stilbestrol a 5 26+3 .238+.013 


is the maximum employed in antagonism ex- 
periments (vide infra) and suggests no direct 
effect of estrogens certainly up to this dose. 

Table II contains data on endometrial re- 
sponse to varying dosages of progesterone and 
the effect of simultaneous constant dose of 
estradiol-178 at those pregesterone dosages 
which alone significantly increase the endo- 
metrial carbonic anhydrase content over the 
control. This estrogen dosage significantly 
inhibits stimulation both of carbonic anhy- 
drase and of proliferation over the range 0.5 
to 8.0 mg of progesterone. An S-shaped dos- 
age-response curve is obtained in both sets 
of data, but that obtained with added estro- 
gen is uniformly below that of progesterone 
alone. 

Using a maximal stimulating dose of pro- 
gesterone, 2 mg/rabbit, the effects of varying 
concentrations of the 4 estrogens were deter- 
mined. As can be seen in Table III and Fig. 
2, a characteristic dosage:response effect is 


TABLE II. Dose-Response Relationships of Pro- 

gesterone with and without Estradiol for Carbonic 

Anhydrase Activity and G/M Ratio of Clauberg 
Rabbits’ Endometrium. 


7—— Dose of ——_, 


Proges- EU/g wet G/M of 

terone Estradiol No, of tissue uterus 
-—(ng/rabbit)—, rabbits (Mean + S.E.)— 
0 0 iy 23+ 3 .234+.019 
E25 0 6 384+ 8 .3827+.028 
20 () 7 4384+ 5 .419+.031 
3) 0 6 367+18 .550+.047 
1.0 0) 7 415+34 .661+.026 
2.0 0) if 456+44 .718+.018 
8.0 0 Gi 401+33 .720+.024 
45) 025 8 38+ 2 .411+.020 
3) 43 ii 92+18 .447+.037 
1.0 , 6 121+17 .499+.019 
2.0 a if 255+51 .658+.023 
8.0 : 9 235446 .647+.013 
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had with each estrogen; statistical analysis 
of relationships exhibited in Fig. 2 establish 
linearity and parallelism of curves at the 1% 
level of probability. 

Percentage inhibition of carbonic anhy- 
drase and pseudopregnant proliferation effects 
are presented in Table IV. As is obvious also 
from Fig. 2, entirely similar degrees of inhibi- 
tion are exhibited by all 4 estrogens on the 
carbonic anhydrase concentration. They ex- 
hibit effects parallel to each other on the 
G/M ratio, but dose for dose, G/M inhibition 
is less than carbonic anhydrase inhibition. 


TABLE III. Inhibitory Effect of Estrogen on 
Progesterone in Carbonic Anhydrase Activity and 
G/M Ratio of Clauberg Rabbits’ Endometrium. 


Dose of 
proges- Treatment EU/g wet 
terone ofestrogen No. of tissue G/Mratio 


-—(mg/rabbit)— rabbits —(Mean+S.E.)— 


2.0 Control 18 492+18 .732+.013 
(Sesame oil) 
2.0 Estrone 
0025 6 345422 .626+.031 
.025 5) 194+16 .628+.022 
25 5 108+13 .467+.049 
2.0 Estradiol 
.0025 5 388+34 .629+.024 
.025 5 281+23 .658+.023 
IOs 5 141+13 .447+.039 
2.0 Estriol 
.0025 6 387+26 .665+.018 
.025 6 304+26 .675+.016 
25 5 75+ 9 .459+.038 


2.0 Stilbestrol 


.0025 6 400+27 .657+.015 
.025 5 158+14 .559+.059 
25 6 67+ 7 384.0382 


Discussion. Inactivity of estrogens by 
themselves and their quantitative inhibition 
of progesterone-stimulated endometrial car- 
bonic anhydrase and pseudopregnant prolif- 
eration are clearly demonstrated by the fore- 
going data. Furthermore, linear relationship 
between log dose of estrogens and degree of 
reduction of the enzyme content in maximally 
stimulated uteri indicate quantitative useful- 
ness of the enzyme test for assay of anti- 
progestational activity. 

In the study of the effect of stilbestrol on 
rabbit endometrial carbonic anhydrase in- 
creases stimulated by progesterone (2 mg), 
11-deoxycorticosterone (16 mg), 17-hydoxy- 
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TABLE IV. Percent Inhibition of Progesterone 
(2 mg) by Estrogen. 


% inhibition of proges- 


Dose terone (2 mg) 
Compound (mg/rabbit) Enzyme test G/M test 
Estrone .0025 31 21 
025 64 21 
25 82 53 
Estradiol 0025 33 21 
025 53 15 
25 82 72 
Estriol .0025 22 14 
.025 40 tit 
25 89 55 
Stilbestrol 0025 20 15 
025 71 35 
25 91 70 


% inhibition was caleulated from data in pre- 
vious table according to the following formula: 


—Pe 
Po-—C 
Po — Response to progesterone. Pe — Response 


to progesterone along with estrogen. C = Control 
level. 


% inhibition — 


xX 100. 


progesterone-17 caproate (2 mg) Lutwak- 
Mann and Adams(8) observed a_ reduc- 
tion in carbonic anhydrase when gestagens 
were administered in a single dose with 2 mg 
of stilbestrol. They noted also a reduction of 
pseudopregnant proliferation on an arbitrary 
grading scale. The superior sensitivity of a 
multi-dose procedure is obvious from our data. 
They noted also a somewhat lesser degree of 
differentiation on the basis of histological 
grading by the fifth day after progestin- 
estrogen administration. The sharper differ- 
entiation seen in the carbonic anhydrase de- 
terminations may be related to the wider 
range of response given by these measures 
over the G/M measures, as previously noted 
(4); alternatively, those processes leading to 
tissue proliferation are somewhat less sensi- 
tive to estrogen than those leading to car- 
bonic anhydrase synthesis. 


Estrogen-progesterone antagonism takes 
place in the endometrium as Courrier(1) 
demonstrated by local administration of es- 
tradiol into the closed lumens of uteri of 
progesterone-treated rabbits; this was con- 
firmed by Heath e¢ al.(9) by local adminis- 
tration of both hormones to rabbits as well 
as by combinations of local and systemic 
administrations of each hormone. However, 
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another possible site of antagonism, such as 
neutralization or inactivation of progesterone 
in blood or in some tissue other than endo- 
metrium, can not be precluded by their ex- 
periments. 


Comparing log-dose response curve of pro- 
gesterone alone with that of progesterone in 
combination with estradiol, it is clearly ob- 
served that estradiol decreases maximal 
response of progesterone and makes the char- 
acteristic log-dose-response curve of proges- 
terone flatter without changing the position 
of the curve. This is true in both enzyme 
determination and in the G/M ratio measure- 
ment. These results suggest that it is un- 
reasonable to explain the estrogen-progester- 
one antagonism by neutralization or inactiva- 
tion of progesterone by presence of estrogen 
in the body or by competition of both hor- 
mones for the receptor of the endometrium. 

Adding our results to those of Courrier(1) 
and Heath et al.(9), it is reasonable to say 
that estrogen may depress reactivity of endo- 
metrium to progesterone by blocking somehow 
the process of progestational response in the 
endometrium. 

In view of the widely differing estrogenic 
activities of these 4 estrogens on subcutaneous 
administration(10), their qualitative and 
quantitative similarities as progesterone an- 
tagonists are rather surprising. Presuming 
equal rates of absorption and concentration 
into the site of their action we may deduce 
that a rather specific aspect of their estro- 
genicity (or chemical structure) is involved. 
We plan to examine other diversely active 
estrogens or non-estrogenic derivatives to de- 
termine the extent and possible source of this 
inhibition. 

Summary. 1) The anti-progestational activ- 
ity of 4 estrogens—estrone, estradiol, estriol, 
and stilbestrol—administered subcutaneously 
along with progesterone into Clauberg rabbits 
has been demonstrated by estimation of endo- 
metrial carbonic anhydrase content and si- 
multaneous measurement of uterine G/M 
ratio. 2) All these estrogens inhibit the effect 
of progesterone on carbonic anhydrase con- 
tent and G/M ratio of the endometrium. 
Intensity of inhibition depends upon dosage. 
3) The anti-progestational activities of these 
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estrogens are approximately the same. 4) 
When administered alone, these estrogens pro- 
duce no significant change in either carbonic 
anhydrase titers or G/M ratios of the endo- 
metrium. 5) The linear relationship with 
negative slope which is obtained between the 
logarithmic dose of the estrogens and the 
endometrial carbonic anhydrase content of the 
progesterone-treated Clauberg rabbit suggests 
the usefulness of the carbonic anhydrase 
method as an assay procedure for anti-pro- 
gestational activity. 6) Comparison of the 
log-dose-response curves of progesterone with 
and without estradiol indicates that estrogen 
may depress reactivity of the endometrium to 
progesterone rather than neutralize or inac- 
tivate progesterone in the body. 


Acid Hydrolysis of Erythropoietin.* 


Acip HyprotysIsS OF ERYTHROPOIETIN 
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W. A. Rampacu, R. A. SHAW, J. A. D. Cooper, AND H. L. Att 
Depts. of Medicine and Biochemistry, Northwestern University Medical School and Passavant 
Memorial Hosp., Chicago 


We have recently isolated a heat stable 
erythropoietic factor, erythropoietin, and have 
shown it to be an acidic glycoprotein(1). Be- 
cause several workers have suggested that 
erythropoietin is not a protein (2,3,4) it was 
of interest to investigate the possibility that 
this glycoprotein subserves a carrier function. 
Since dialysis of erythropoietin does not re- 
duce its activity(5), any ‘carried factor’ 
would be firmly bound. Therefore, erythro- 
poietin was submitted to acid hydrolysis and 
the degradation products studied biologically 
and qualitatively by chromatography. 


Materials and methods. Purified erythro- 
poietin was isolated from acidified, boiled 
plasma filtrates of anemic rabbits by DEAE- 
cellulose ion-exchange chromatography as pre- 
viously described(1). It was dissolved in dis- 
tilled water, 3 mg/ml. Five 1 ml aliquots were 
hydrolyzed in a water bath at 80° C for 1 
hour with 5 ml H»SO, in final concentrations 


* Study supported by Contract with School of 
Aviation Medicine, U. S. Air Force, and from Eli 
Lilly Co. 


of 0.005 N, 0.01 N, 0.04 N, 0.08 N and 0.10 
N respectively. A 1 ml aliquot brought to 5 
ml with distilled water was carried through 
the procedure as a control. The hydrolysates 
were separately dialyzed in the cold against 
repeated changes of distilled water for 5 days. 
The dialysates, concentrated in vacuo, and 
protein dialysands were lyophilized and 
stored. Separations of 1 mg of the hydrolyzed 
protein were carried out on Whatman 3 MM 
paper at 5 ma using veronal buffer pH 8.6, 
ionic strength 0.075. The strips were stained 
with bromphenol blue. Seven hour descend- 
ing chromatograms of the dialysates in an 
ethyl acetate:pyridine:H,O (10:4:3) solvent 
system(6) were prepared. A mixture of neura- 
minic (sialic) acid, d-glucosamine, d-mannose, 
d-glucose, d-galactose and 1|-fucose served as 
a reference material. After development and 
drying, the chromatograms were sprayed with 
aniline hydrogen phthalate reagent(7) and 
then heated at 110° C for 15 min. One half 
mg, in-0.9% NaCl, respectively of dialyzed 
0.01 N hydrolysate of erythropoietin and in 
tact erythropoietin were injected subcutane- 
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ously daily for 4 days into rats. Reticulocyte 
levels and 24 hour uptake of Fe®® by the total 
red cell mass were then determined by pre- 
viously described methods(1). 

Results. Hydrolysis of erythropoietin in 
0.005 N acid reduced its paper anodic mobili- 
ty to 40% of the control. Hydrolysis in 0.01 
N acid reduced mobility to a minimum, 25% 
of normal. Heating erythropoietin in water 
for 1 hour at 80° C did not affect mobility. 

No carbohydrates could be detected on the 
paper chromatograms of the dialysate from 
erythropoietin heated in aqueous solution. A 
weak spot for neuraminic acid appeared on 
the chromatogram of the 0.005 N dialysate. 
A strong spot of neuraminic acid appeared on 
the chromatogram of the 0.01 N dialysate, 
along with the first faint spots for fucose and 
hexoses. Chromatograms of the dialysates 
from 0.04 N and stronger acid hydrolysis re- 
vealed spots for neuraminic acid, glucosamine, 
fucose, galactose and mannose. No neura- 
minic acid could be detected in the dialysands 
of 0.01 N or stronger hydrolysis. These re- 
sults indicate that neuraminic acid is the most 
labile carbohydrate moiety of erythropoietin, 
and that the decrease in anodic mobility of 
the hydrolyzed protein may be due to loss of 
neuraminic acid. For the first time galactose, 
mannose and fucose are established as com- 
ponent parts of the erythropoietin molecule. 

Erythropoietin from which all neuraminic 


TABLE I. Assay of Erythropoietiec Activity. 


Reticulo- Fe incorporation 
Material inj. cytes (%) in RBC (%) 
.01 N hydrolysate 18+ .6* 24.8 + 2.9*(8) 
of erythropoietin 
Erythropoietin Bet eo .8 43.2 + 3.8 (4) 
Saline + 6 240+ 4 (4) 
* Mean + S.D. 


Figures in parentheses indicate No. of animals 
in group. Underlined values statistically signifi- 
eant, P — 0.01 or less. 
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acid has been removed, has no erythropoietic 
activity (Table I). Previous data indicate 
that neuraminic acid alone does not stimulate 
erythropoiesis (unpublished). Thus, it would 
appear that the intact mucoprotein molecule 
is necessary for activity. These findings do 
not support a concept that erythropoietin be- 
haves as a ‘carrier’ protein. 

Since the neuraminic acid of erythropoie- 
tin is labile to very mild acid hydrolysis, and 
its presence is probably necessary for biologi- 
cal activity, care should be taken not to let the 
pH of solutions containing erythropoietin de- 
crease below 3. We have previously demon- 
strated reduction in erythropoietic activity of 
‘anemic’ plasma treated with perchloric acid 
(3): 

Summary. Purified erythropoietin has been 
subjected to mild acid hydrolysis. This mu- 
coprotein thus has been further characterized 
and shown to lose erythropoietic activity upon 
hydrolytic removal of neuraminic acid. 


The authors wish to thank Mrs. Stella Karras and 
Mrs. Yeiko Shimasaki for excellent technical assis- 
tance. 


1. Rambach, W. A., Alt, H. L., Cooper, J. A. D., 
Proc. Soc. Exp. Brot. AnD MED., 1958, v98, 602. 

2. Borsook, H., Graybiel, A., Keighley, G., Wind- 
sor, E., Blood, 1954, v9, 734. 

3. Gordon, A. S., Piliero, S. J., Kleinberg, W., 
Freedman, H. H., Proc. Soc. Exp. Bror. AND MED., 
1954, v86, 255. 

4. Linman, J. W., Bethell, F. H., Blood, 1956, v11, 
310; 

5. Rambach, W. A., Alt, H. L., Cooper, J. A. D., 
ibid., 1957, v12, 1101. 

6. Isherwood, F. A., Jermyn, M. A., Biochem. J., 
1951, v48, 515. 

7. Block, R. J., Durrum, E. L., Zweig, G., Manual 
of Paper Chromatography and Paper Electrophoresis, 
Academic Press, N. Y., 1955, p133. 


Received September 5, 1958. P.S.E.B.M., 1958, v99. 


484 


Lipid Changes Produced by Chronic Hypercholesterolemia in Nylon and 


Orlon Replacements of Canine Thoracic Aorta.” 


(24392) 


GeorGE L. JORDAN, JR., MicHaeEL E. DEBAKEY AND BELA HALPERT 
Cora and Webb Mading Dept. of Surgery and Department of Pathology, Baylor University 
College of Medicine, and Veterans Admin. Hospital, Houston, Texas 


Our experiments have demonstrated that 
canine aortic homograft develops atheroscler- 
otic changes under conditions of induced 
chronic hypercholesterolemia more readily 
than does the host aorta(1). The changes 
were similar in thoracic and abdominal homo- 
grafts. No atheromatous lesions, however, 
occurred in nylon and orlon fabric tubes used 
as vascular replacements in similar experi- 
ments(2). Duration of cholesterol adminis- 
tration in this latter group of animals varied 
from 3.25 to 13.5 months. Although it was 
considered doubtful that longer pericds of 
cholesterol administration would produce dif- 
ferent results, it seemed desirable to resolve 
the problem by further experiments and the 
present study was therefore undertaken. 

Methods. Adult mongrel dogs were anes- 
thetized with Nembutal sodium intravenously, 
and the left hemithorax was entered through 
an intercostal incision. The proximal seg- 
ment of the descending aorta was mobilized, 
dividing one or 2 pairs of intercostal arteries. 
After occluding clamps were placed on the 
aorta, a segment was removed measuring ap- 
proximately 2.5 cm. The defect was re- 
placed by a nylon or orlon fabric tube of 
comparable size using running sutures of 
black silk for the end-to-end anastomoses. 
About 2 weeks following operation, radio- 
active iodine, 1 millicurie/kg of body weight, 
was administered parenterally. Animals were 
then placed on a diet of horse meat 70%, 
Purina chow 25%, and cholesterol 5%. 
Serum cholesterol determinations were made 
weekly by the method of Abell and as- 
sociates(3). The animals were sacrificed after 
varying periods and the heart with the entire 
aorta, including nylon or orlon vascular re- 
placement, was removed. The aorta was 
opened longitudinally to note number and 
distribution of lesions. The specimen was 

* Supported in part by grant #H-1990 from the 
U. S. Public Health Service. 


fixed in formalin and blocks of tissue were 
obtained for microscopic study from the 
“oraft” and from portions of host aorta. 
These were imbedded in paraffin, cut serially 
from each block, and sections stained with 
hematoxylin and eosin, Masson’s trichrome, 
and Weigert’s elastic tissue stains. 

Results. Of 10 dogs, 3 did not survive for 
a sufficient time to be included, and one that 
had maintained a high serum cholesterol con- 
centration for more than one year was un- 
avoidably destroyed. Four surviving animals 
had nylon prostheses and 2 had orlon. The 
high cholesterol diet was administered for 15, 
18, 28, 58, 60, and 62 weeks, respectively. 
Average serum cholesterol concentrations 
ranged from 358 mg % to 880 mg % (Fig. 
1). All prostheses remained patent, and there 
was no evidence of thinning or dilatation. 
Two of the 6 dogs with highest serum chol- 
esterol concentrations developed intimal 
changes in nylon or orlon grafts, somewhat 
similar to those previously observed in homo- 
grafts(1). However, there was no morpho- 
logic evidence that these changes had in any 
way damaged the integrity of the plastic 
fabric. These prostheses were 2 of the oldest, 
one orlon having been in place for 25 months 
in an animal which was on the high choles- 
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ATHEROMATOUS CHANGE IN SYNTHETIC VASCULAR PROSTHESIS 


terol diet for 60 weeks (dog 131), while the 
other, nylon, had been in place for over 14 
months in a dog on cholesterol diet for 57 
weeks (dog 201). Atheromatous changes de- 
veloped in the host aorta of only one of these 
animals (dog 131). 

Structural alterations observed in dog 201 
with the highest cholesterol concentration 
maintained for 57 weeks were only in the 
graft portion. Grossly, the nylon fabric was 
encased in a newly formed fibrous connective 
tissue (Fig. 2a). The intimal surface was 
undulating with scattered yellow plaques 
slightly elevated above the surface. The 
sutures were glazed with a delicate film of 
tissue covering them but clearly visible. No 
change was noted on the intimal surface of 


the remainder of the aorta. Microscopic 


FIG. 2. (a) Photograph of specimen showing athero- 
matous change on intimal surface of nylon thoracic 
prosthesis (dog 201). (b) Photomicrograph (xX 100) 
showing zone of hyalinizing fibrous connective tissue 
bordering intimal surface. Toward the lumen be- 
tween delicate fibrils are large foam cells (Masson’s 
trichrome stain). (c) Photomicrograph (X 100) re- 
vealing similar change in preparation taken from 
mid-portion of prosthesis (hematoxylin-eosin stain). 
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examination disclosed a zone of hyalinized 
fibrous connective tissue about one-fourth the 
width of the anisotropic clear round threads 
of the nylon prosthesis bordering intimal and 
adventitial surfaces. On the intimal surface 
between delicate fibrils were large foam cells 
with clear cytoplasm and eccentrically placed 
small nuclei (Fig. 2b and 2c). 

In dog 131 with the second highest average 
cholesterol concentration maintained for 60 
weeks, there were marked atheromatous 
changes in the coronary arteries, over the sur- 
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face of the orlon graft portion of the thoracic 
aorta, and in the abdominal aorta (Fig. 3a). 
In microscopic preparations the intimal 
plaques were composed of a loose fibrillar 
substance with few cell nuclei and between 
them large clearly delineated foam cells (Fig. 
3b and 3c). The anisotropic oval stippled 
orlon fibers were surrounded by delicate or 
broad bands of hyaline fibrous connective tis- 
sue. ‘This contained varying numbers of cap- 
illaries. Surrounding these, occasional foam 
cells could be seen. In the coronary arteries 
the changes in the intima and media were 
those of frank atheromatous change that 
seemed to follow the course of the vasa vaso- 
rum. A study of these changes will be re- 
ported elsewhere. 

Comment. In previous studies we reported 


that synthetic aorti 


however, that the synthetic vascular substi- 
tutes are less susceptible to these changes 
than are homografts, and that these changes 
do not impair the integrity of the plastic 
fabric graft as they do that of the homograft. 


FIG. 3. (a) Photograph of specimens showing 
atheromatous change on intimal surface of orlon 
thoracic prosthesis (dog 131). Atheromatous changes 
may also be noted in abdominal aorta and coronary 
arteries. (b) Photomicrograph (XX 100) showing 
zone of hyalinizing fibrous connective tissue border- 
ing intimal surface. Toward the lumen between deli- 
cate fibrils are large foam cells (hematoxylin-eosin 
stain). (c) Photomicrograph (XX 100) showing simi- 
lar change in preparation taken from midportion of 
prothesis (Weigert’s elastic tissue stain). 
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Although the mechanism for production of 
these atheromatous changes in the synthetic 
aortic grafts is not entirely clear, their occur- 
rence under these circumstances would seem 
to have significance in several respects. It 
suggests that while there may be some inher- 
ent metabolic or enzymatic capacity of the 
normal tissues of the vessel wall to form 
atheroma, this factor is apparently not essen- 
tial to their production. It seems to lend 
support to the filtration concept of athero- 
sclerosis. While these experiments do not 
provide sufficient evidence to determine pre- 
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cisely the methods of deposition of lipid sub- 
stances by this means, there are at least 2 
possible routes by which foam cells in the 
newly formed intima may derive their lipid 
content. One is by direct contact with blood 
plasma in the lumen of the vessel. The other 
is by way of capillaries in the connective tis- 
sue surrounding fibers of the fabric of the 
synthetic vessel. It may be significant that 
the atheromatous changes did not occur in 
animals treated for a short period. The grafts 
used here were made of orlon or nylon fabric 
which is porous. Gross and microscopic stud- 
ies revealed fixation of the neointima to the 
graft by fibroblasts that penetrated between 
the synthetic fibers from the external surface. 
Consequently, it is possible that a period of 
capillary ingrowth along these fibrous bands 
must occur to allow deposition of cholesterol 
by this route. Further information concern- 
ing the pathogenesis of such lesions might be 
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obtained by using materials which are essen- 
tially impervious to the ingrowth of fibro- 
blasts, and studies of this type are under way. 
Summary. Atheromatous changes devel- 
oped on the intimal surface of nylon and or- 
lon thoracic-aortic vascular replacements in 2 
of 6 dogs with induced chronic hypercholes- 
terolemia. In both animals high serum chol- 
esterol concentrations were maintained for 
over one year before the changes became 
evident. This is the first report of induced 
atheromatous change in a synthetic vascular 
prosthesis and may shed some light on the 
mechanism by which such changes occur. 


1” Creech ©.) Jr, jordan, GrLs Jr, DeBakey, 
M. E., Overton, R. C., Halpert, B., Surg., Gynec. and 
Obst., 1955, v101, 607. 

re , ibid., 1957, v104, 385. 

3. Abell, L. L., Levy, B. B., Brodie, B., Kendall, 
F. E., J. Biol. Chem., 1952, v195, 357. 
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Response of Lactic Acid Bacteria to Amino Acid Derivatives. IV. 


Lactobacillus casei 280-16A and Phenyllactic Acids.* 


(24393) 


MERRILL N. CAMIEN AND Max S. DUNN 
Chemical Laboratory, University of California, Los Angeles 


Ability of Lactobacillus casei 7469 to uti- 
lize either L- or D-phenyllactic acid (but not 
D-phenylalanine) in place of L-phenylalanine 
(1) has suggested the presence of a-hydroxy 
acid racemase in this organism. Independent 
evidence from this laboratory of a-hydroxy 
acid racemase activity in L. casei 7469 (data 
to be published) prompted the present inves- 
tigation of phenyllactic acid utilization by L. 
casei 280-16A, a strain which was derived 
originally from L. casei 7469 and which can 
be demonstrated to be incapable of racemiz- 
ing phenyllactic acid. 

Methods. Procedures were essentially the 
same as those employed previously(1) except 


* Paper 125. This work was aided by grants from 
U.S.P.HS. and Univ. of California. The authcrs are 
indebted to Evelyn Brown, Audree Fowler, and Della 
Belknap for technical assistance. For papers I through 
TII in this series see Eiduson et al.(1), Malin et al.(2), 
and Eiduson and Dunn(3). 


that L. casei 280-16At was substituted for L. 
casei 7469 and 2 test media were employed. 
Medium I was the same as the earlier test 
medium(1) except that L-phenylalanine was 
included at final concentration of 20 mg %. 
Medium IT was the same as Medium I except 
that L-phenylalanine was omitted and D-lac- 
tic acid was included at final concentration of 
1.5 »M/ml. Tests with 2 media were set up 
simultaneously, employing a single inoculum 
preparation for both media in each test. Re- 
sponses to L-, DL-, and D-phenyllactic acids 
and to L-phenylalanine were determined after 
varying periods of incubation at 35°. 


+ Strain 280-16A was isolated(4) from a culture 
of strain 280-16 which had spontaneously dissociated. 
Strain 280-16 had been isolated(5) from an ultra- 
violet irradiated culture of strain 7469. The D-a- 
hydroxy acid requirement described for strain 280-16 
(6) appears to be identical with that of strain 280- 
160A. 
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FIG. 1. Response of L. casei 280-16A to D-, DL-, 
and L-phenyllactic acids after 30 hours in 2 syn- 
thetic media. Curves D, DL, and L, which corre- 
spond to the 3 forms of phenyllactic acid, were 
obtained with Medium I (complete with respect to 
amino acids but lacking a D-a-hydroxy acid source). 
Curve A, representing any of the 3 phenyllactic acids 
(diameters of circles correspond to average spread of 
the 3 sets of data), was obtained simultaneously 
with Medium II (complete with respect to a D-a- 
hydroxy acid source, supplied in the form of D-lactic 
acid, but lacking phenylalanine). Values on _hori- 
zontal scale represent phenyllactic acid test concen- 
trations in ug/ml. Values on vertical scale represent 
ml of 0.01N NaOH required to titrate each ml of 
test culture. 


Results. Medium I (containing L-phenyla- 
lanine) supported normal growth of L. casei 
7469 without further supplementation but 
failed to support growth of L. casei 280-16A 
unless a D-a-hydroxy acid source was in- 
cluded. D-phenyllactic acid but not L-phenyl- 
lactic acid had growth promoting activity in 
this respect, and DL-phenyllactic acid had 
approximately half the activity of D-phenyl- 
lactic acid. Typical 30 hour responses to 
these acids in Medium I are illustrated by 
curves D, DL and L, Fig. 1. 


Medium II (containing D-lactic acid as a 
D-a-hydroxy acid source) failed to support 
growth of either L. casei 7469 or L. casei 
280-16A unless a phenylalanine source was 
included. L-phenylalanine, L-phenyllactic 
acid, DL-phenyllactic acid and D-phenyllac- 
tic acid had equal growth promoting activities 
in this respect for both strains. Curve A, 
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Fig. 1, illustrates the 30 hour response of L. 
casei 280-16A to any one of the 3 (L-, DL- 
and D-) phenyllactic acids in Medium II. 
These data (curve A, Fig. 1) were obtained 
simultaneously and with the same inoculum 
preparation as those illustrated by curves D, 
DL, and L, Fig. 1. 


Essentially the same results were obtained 
in repeated experiments in which incubation 
periods up to 43 hours were employed (strain 
280-16A is capable of D-a-hydroxy acid-free 
growth when the incubation period is pro- 
longed to more than 48 hours). 


Discussion. The failure of L-phenyllactic 
acid to support growth of L. casei 280-16A in 
Medium I (curve L, Fig. 1) appears to indi- 
cate either that an a-hydroxy acid racemase 
is not available in this organism (since such 
a racemase would convert L-phenyllactic acid 
to D-phenyllactic acid, which is nutritionally 
active as shown in curve D, Fig. 1) or that 
L-phenyllactic acid cannot penetrate the cell 
wall. The latter is evidently not the case, 
however, since L-phenyllactic acid is readily 
utilizable as a phenylalanine source for this 
organism (curve A, Fig. 1), and it may be 
concluded, therefore that Z. casei 280-16A is 
incapable of racemizing phenyllactic acid un- 
der the present experimental conditions. 

The equivalence of L-, DL- and D-phenyl- 
lactic acids in replacing L-phenylalanine (in 
Medium II as shown in curve A, Fig. 1), on 
the other hand, appears to indicate that L. 
caset 280-16A (as well as L. casei 7469) can 
readily convert either D- or L-phenyllactic 
acid to L-phenylalanine. Since an a-hydroxy 
acid racemase is evidently not present in L. 
casei 280-16A, it seems likely that this organ- 
ism (and probably L. casei 7469 as well) con- 
tains a D-phenyllactic dehydrogenase togeth- 
er with an L-phenyllactic dehydrogenase per- 
mitting formation of phenylpyruvic acid, 
which also can replace L-phenylalanine in the 
nutrition of L. casei(3), from either hydroxy 
acid. The postulated dehydrogenation of D- 
phenyllactic acid is evidently not reversible 
in L. casei 280-16A, however, since phenyl- 
pyruvic acid will not replace D-phenyllactic 
acid as a D-a-hydroxy acid source for this 
organism (5). 

Summary. L- and D-phenyllactic acids were 
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shown to be interchangeable in replacing L- 
phenylalanine for ZL. casei 280-16A, but not 
interchangeable in functioning as a D-a-hy- 
droxy acid source for this organism. It was 
concluded that L. casei 280-16A cannot race- 
mize phenyllactic acid, and it was suggested 
that utilization of L- and D-phenyllactic acids 
in place of L-phenylalanine for this organism 
is mediated by separate (L- and D-) phenyl- 
lactic dehydrogenases. 
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Studies Indicating Inactivation of Post-Heparin and Endogenous Human 


Plasma Lipoprotein Lipase During Triglyceride Lipolysis.* 


(24394) 


H. ENGELBERG 
Cedars of Lebanon Hospital, Los Angeles 


Circumstanstial evidence has been obtained 
(1,2) which suggested that endogenous plas- 
ma lipemia clearing factor (lipoprotein lipase) 
was inactivated or became unstable as trigly- 
ceride lipolysis occurred. Further investiga- 
tion was important since considerable data 
now indicate that lipoprotein lipase normally 
functions in clearing of post-alimentary fat 
from the bloodstream. However, investiga- 
tors have been unable to demonstrate endo- 
genous lipoprotein lipase in plasma of most 
healthy individuals. This fact is less puzz- 
ling, however, in view of data here presented 
which strongly support the concept that plas- 
ma lipoprotein lipase loses its activity during 
the lipolytic process. In addition other stud- 
ies will be shown which indicate that heparin 
is a component of the enzyme. 

Methods. Three sources of lipoprotein lip- 
ase were used: 1. fasting post-heparin human 
plasma; 2. fasting human plasma containing 
endogenous lipemia clearing activity; 3. cit- 
rate eluates(3) of tricalcium phosphate ad- 
sorbates of 1 or 2. Thus little or no neutral fat 
was available for lipolysis until it was added 
in vitro. The fat substrate used was human 
low-density lipoproteins.t The following ap- 
proach was adopted: aliquots of plasma or of 
citrate eluates were placed in 2 tubes incu- 
bated at 37°C for 2 hours. Lipoproteins were 


* Supported by Grant of Nat. Heart Inst. 


added in excess (.2 ml/ml plasma, at which 
concentration the substrate does not effect 
rate of reaction(4)) to tube 1 at the start of 
first and second hours of incubation, and to 
tube 2 only at start of second hour. Thus 
any possible inactivating effect of incubation 
at 37°C was identical for both sets of tubes. 
Bovine albumin was also added to tube 1 for 
the second hour in some experiments to guar- 
antee adequate fatty acid acceptor, although 
it was probably not necessary as the plasma 
itself contained ample albumin. Infranatant 
serum? was used as source of acceptor protein 
and necessary ions in the citrate eluate stud- 
ies. In several experiments oleic acid was 
added to tube 2 as a control together with 
lipoproteins since release of unesterified fatty 
acids in tube 1 during first hour could possibly 
inhibit subsequent lipolysis. Aliquots of 
plasma were removed from each tube every 15 


t Infranatant serum obtained after ultracentrifuga- 
tion contains no low density lipoproteins (supplied 
by Inst. of Medical Physics). 

+ Supplied by Inst. of Medical Physics, Belmont, 
Calif. through the courtesy of Mr. D. Spector. Lipo- 
proteins were obtained by ultracentrifugation from 
sera of individuals with high concentration of Stand- 
ard Sf 12-400 lipoprotein. They represent a 5-fold 
concentration of lipopretein resuspended in their 
original sera, and predominately consist of Sf 12-400 
and higher lipoprotein classes whose chief con- 
stituent is neutral fat. 
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TABLE I. Glycerol Release upon Incubation of Fasting Post-Heparin Plasma and Plasma Containing 


Endogenous Lipoprotein Lipase with Added Human Low-Density Lipoproteins. 


Glycerol in ,moles/ml 


Incubation time at 37°C 


2nd hr———, 


15” 30) 745-60 


& 


Source of lipo- Ist hr Ses 
Patient protein lipase Preparation in tube Om 15s 0m 45 60 0 
A.H. Fasting plasma 10’ Tube 1: 1 ml plasma, .2mlLP* 2.6 2.9 3.1 3.4 3.5. 3.5) 3:5 3.5 335 316 
after 25 mg added at start of 1st and 
heparin I.V. 2nd hr 


2.7 


ba | 

9) 
“I 
bo 
| 
bo 
| 

Xe) 
~“ 


Tube 2: Idem. LP added at 2s 
start of 2nd hr 


H.E. Citrate eluate of Caz; Tube 1: .5 ml eluate, 1 ml in- IPG Pall BEG rail Geile Gh) 
(PO,). adsorbate- franatant serum. .2 ml LP 
of plasma 10’ af- — added at, start of Ist hr. .2 
ter 25 mg hep- ml] LP and .2 ml BAt added 
arin I.V. at start of 2nd hr 


Tube 2: .5 ml eluate, 1 ml in- ie 
franatant serum. .2 ml LP 
and .2 ml oleie acid added 
at start of 2nd hr 


Tube 3: 1 ml supernatant plas- 1.7 1.7 1.7 1.7 1.7 
ma after Ca,(PO,). adsorp- 
tion, .2 ml LP 


Tube 4: .5 ml eluate, 1 ml in- LO. ese hoe toa 
franatant serum 


12. 5: lode ele 


Or 


H.E. Fasting plasma 10’ Tubel: 1mlplasma,.2mlLP 2.0 2.2 2.3 24 2.6 2.6 
after 10 mg added at start of Ist hr, .2 
heparin I.V. ml LP and .2 ml BA at start 


of 2nd hr 


Tube 2: 1mlplasma,.2mlLP 2.0 2.0 2.0 2.0 2.0 2.0 
and .2 ml oleic acid added 
at start of 2nd hr 


Tube 3: 1 ml plasma, noadded 1.9 1D 
LP 


$ NJ. Fasting plasma Tubel: lmlplasma..2ml1LP 2.0 2.3 23 2.4 
with endogenous _ at start of 1st and 2nd hr 


meer clearing Tube 2: 1mlplasma. .2ml1LP 1.8 1.8 19 1.8 18 1.8 
CHV EEY and 0.1 ml oleie acid at start 
of 2nd hr 


Tube 3: 1 ml supernatant plas- 1.8 1.8 1.8 1.8 1.8 
ma after Cag(PO,). adsorp- 
tion. .2 ml LP 


bo 
oO 
bo 
Cl 


LS. Citrate eluate of Ca, Tube 1: .5 ml citrate eluate. L.é 
(PO,), adsorbate 1mlinfranatant serum. .2 
of plasma with ml LP at start of Ist and 
endogenous lip- 2ndhr, BA at start of 2nd hr 
emia clearing ac- 
tivity 


bo 
— 
wo 


ales Pee: ct a: 


Tube 2: .5 ml citrate eluate. 1 Ae eae, 
1 ml infranatant serum. .2 
ml LP at start of 2nd hr 


Tube 3: 1 ml infranatant 1.2 1.2 
serum. .2 ml LP 


Tube 4: .5 ml citrate eluate. alu! 1.2 
1 ml infranatant serum. 
No LP 


bo 


12° 2 


2.8 3.0 3.4 3.5 


3.6 3.7 


14 1.3 


bo 
or) 


1.4 


1.4 


a ef 


1.3 


1.45 


1.2 


serum, 
+ BA—Bovine albumin. 


* ners me : heh 3 a 
LP—Human low-density serum lipoproteins in 5-fold concentration resuspended in their original 


} The findings in this patient are typical of 5 individuals in whom the same experiment was done 
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TABLE II. Free Fatty Acid Release upon Incubation of Olive Oil Emulsion and Human Pan- 
creatic Lipase. 


Preparation in tube 


Free fatty acids in meq/1 


Ineubation time at 37°C 
Ist hr 2nd hr 
OF 22155, 80" oot 0 ns he THY 


Tube 1: 7.5 ml 5% olive oil emulsion, 1.5 ml 1% 
CaCl, 1.5 ml .05% human pancreatic lipase 


Tube 2: Idem. Additional 7.5 ml olive oil emul- 
sion and 1.5 ml CaCl, added at start of 2nd hr 


$38) 00.3. 9b 15 15 17 15.4 13.6 


8.5 11.4 15.5 16 25.1 36 39.3 41 


minutes, and analyzed in duplicate for gly- 
cerol(5). In some cases lipoproteins were 
added to supernatant plasma after tri-calcium 
phosphate adsorption and then glycerol re- 
lease was determined. The effect of heparin 
added in vitro to supernatant plasma after 
Cas (PO;)»2 adsorption of post-heparin or en- 
dogenously active plasma was also observed. 
Lipemia clearing activity of the original plas- 
ma, the Ca3(PO;)2 supernatant, and the 
supernatant plus heparin was determined as 
previously outlined(6) using optical density 
technics. 

Results. The findings in studies in which 
post-heparin plasma and plasma containing 
endogenous lipoprotein lipase activity were 
used as a source of enzyme are shown in Table 
I. The results are similar using both sources 
of enzyme except for the decreased magni- 
tude of lipolysis with endogenously active 
plasma. In all experiments glycerol release 
occurred in tube 1 only during the first hour 
of incubation although additional fat sub- 
strate and fatty acid acceptor (bovine albu- 
min) were provided at start of second hour. 
In tube 2 no triglyceride lipolysis occurred 
during the first hour (since lipoproteins were 
not added until the second hour of incuba- 


tion), whereas the rate of glycerol release dur- 
ing the second hour was similar to that of 
tube 1 during the first hour. Addition of free 
oleic acid to tube 2 did not inhibit lipolysis. 
In several instances the supernatant plasma 
after Ca3(PO,4)2 adsorption was used and 
there was absence or marked reduction of 
glycerol release as compared to plasma ali- 
quots before adsorption. When infranatant 
serum was incubated together with citrate 
eluate, no release of glycerol occurred. Table 
II shows, in contrast to findings with lipopro- 
tein lipase, that when fat splitting due to pan- 
creatic lipase has occurred, the provision of 
more fat substrate and acceptor (CaCl) re- 
sults in additional lipolysis. 

In 10 individuals post-heparin plasma lip- 
emia clearing activity was determined by op- 
tical density technics before and after Cag 
(PO;)2 adsorption, and after addition of 
heparin im vitro to the supernatant plasma. 
In 4 of 10 individuals this clearing activity, 
previously removed or reduced by gel ad- 
sorption, was partially restored by heparin 
in vitro. The data in one subject, represen- 
tative of all 4, are shown in Table III (pa- 
tient N.B.). When heparin was added in 
smaller or larger amounts (.2 mg% or .002 


TABLE III. Post-Heparin and Endogenous Lipemia Clearing Activity before and after Ca,- 
(PO,). Adsorption, and Effect of Heparin. 


Patient Age Sex 


Plasma sample 


Optical density 

decrease in 1 hr 

with incubation 
at 25°C 


N.B. 41 a 


= 
Ss 
x 
fer) 
+0 


» + EPP 


Supernatant after Ca,(PO,). adsorption 
After addition of .002 mg heparin to 1 ml supernatant 


Control (no heparin injected) 
‘Z + .002 mg heparin 


After 25 mg heparin I.V. 20 
Supernatant after Ca,(PO,),. adsorption 
After addition of .002 mg heparin to 1 ml supernatant 


rWHNIN WAS 
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mg%), the findings were less clear. Similar 
studies were performed in 51 patients with 
endogenous plasma lipemia clearing activity, 
but addition of heparin to supernatant plas- 
ma after Ca3;(PO,)» adsorption restored clear- 
ing activity in only 2 instances. The data 
in one of these 2 subjects are also shown in 
Table III (patient M.M.). In this individual 
no increase in clearing activity occurred when 
heparin was added in vitro to plasma before 
adsorption, and endogenous activity was par- 
tially inhibited by tetraethylpyrophosphate 
which inhibits the post-heparin enzyme but 
has no effect on pancreatic lipase(7). 


Discussion. Data presented in Table I 
show that when excess substrate was present 
during the first hour, additional lipolysis did 
not occur during the second hour although 
more lipoproteins were added. Various pos- 
sible explanations come to mind. It has been 
suggested that post-heparin lipemia clearing 
activity may be inactivated by prolonged in- 
cubation at 37°C. This was not pertinent 
here, however, since lipolysis in the second 
tube, which had been incubated for the same 
time as tube 1, proceeded normally during 
the second hour, after addition of fat sub- 
strate. Although probably sufficient albumin 
was present in plasma or infranatant serum 
itself, addition of albumin to tube 1 in several 
studies during the second hour of incubation 
ruled out any lack of fatty acid acceptor as 
a factor limiting further triglyceride lipolysis. 
Since free fatty acids may limit the reaction 
(8), oleic acid was added to tube 2 in some 
experiments as a control, and no inhibition of 
lipolysis occurred. Finally Ca3(PO,4)» ad- 
sorption removed enzymatic activity, thereby 
establishing that it was due to lipoprotein 
lipase(3,6). Thus it would appear reasonable 
to conclude that lipoprotein lipase loses its 
activity or dissociates during the lipolytic pro- 
cess. Table II presents data for one enzyme 
and cannot be used as evidence for this gen- 
eralization. 


It has been found that passage of. post- 
heparin rat plasma through a column of De- 
Adidite F, a strongly basic anion exchange 
resin, removes heparin from plasma(9). The 
lipemia clearing enzyme system is not de- 
stroyed thereby, but its stability is markedly 


lipase inactivation during lipolysis. 
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reduced. Addition of small quantities of free 
heparin to the effluent restores stability of the 
plasma. These results suggested the studies 
presented in Table III. Heparin added im 
vitro to supernatant plasma after Ca3( PQ,)s 
gel adsorption (which removes heparin) re- 
stored lipemia clearing activity in 4 of 10 
post-heparin plasma, and in 2 of 51 plasmas 
containing endogenous lipoprotein lipase. Ap- 
parently adsorption of apoenzyme by the gel 
or resin may not be as complete as adsorption 
of the heparin component. When apoenzyme 
is still present in the supernatant plasma or 
effluent, simple addition of heparin in vitro 
restores enzyme activity or stability. It is not 
surprising that this occurs more frequently 
when larger amounts of lipoprotein lipase are 
present, as in post-heparin plasma, than it 
does after adsorption of plasma containing en- 
dogenous activity. Several other conclusions 
would also seem to follow from these observa- 
tions, particularly those using endogenously 
active plasma. It appears that the bond be- 
tween heparin and apoenzyme is easily brok- 
en. Furthermore the results provide evidence 
that heparin is a component of human plasma 
lipoprotein lipase. A similar conclusion in 
rats was suggested by partial inactivation of 
tissue lipoprotein lipase by bacterial heparin- 
ase(10). 

It is tempting to theorize, since lipoprotein 
lipase does not split simple triglycerides but 
acts only upon neutral fat of lipoproteins(11), 
that the heparin component of the enzyme 
combines with the protein moiety of the lipo- 
protein molecule. This effects contact be- 
tween the triglyceride of the lipoprotein and 
the apoenzyme of lipoprotein lipase, and lipo- 
lysis takes place. At the same time, however, 
the bond between apoenzyme and heparin has 
been disrupted and further lipoprotein lipase 
activity is absent or unstable. This concept 
is admittedly speculative, but it is consonant 
with the results obtained. 


Perhaps of more importance at this time, 
however, is the demonstration of lipoprotein 
Thus 
failure to demonstrate it in plasma of most 
individuals at any one time does not argue 
against its role in removal of fat from blood. 
Furthermore, at least in regard to circulating 
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lipoproteins and chylomicra, there is less need 
to place its site of activity at the cell mem- 
brane. It appears that plasma lipoprotein 
lipase is stimulated by fat intake(2,12), is 
destroyed by passage through the liver(13), 
and is inactivated in the process of lipolysis. 
Thus the quantity of demonstrable circulat- 
ing enzyme at a given moment is a resultant 
of its stimulation and release on the one hand, 
and its destruction and inactivation on the 
other. It is therefore not surprising that lipo- 
protein lipase can only occasionally be demon- 
strated in the blood since physiologically it is 
probably slowly released in moderate amounts 
in response to lipemia, and it dissociates as 
lipolysis occurs. 

Summary. Evidence has been obtained by 
in vitro studies that human post-heparin and 
endogenous plasma lipolytic activity (lipopro- 
tein lipase) are inactivated during the process 
of triglyceride lipolysis. Addition of heparin 
to supernatant plasma after removal of lipo- 
protein lipase activity by Ca3(PO,)» adsorp- 
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tion occasionally restores its lipemia clearing 
activity. This indicates that heparin is a 
component of the enzyme, and that its dis- 
sociation from the apoenzyme readily occurs. 
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Experimental Production of Polycythemia in Humans by Administration of 


Cobalt Chloride. 


(24395) 


Joun E. Davis AND JAMEs P. FIELDS 
University of Texas, College of Pharmacy, Austin 


The erythropoietic stimulating action of 
cobalt was first demonstrated by Waltner and 
Waltner(1) who produced polycythemia in 
rats by administration of this element and its 
chloride. Since that time, polycythemia has 
been induced in many animals such as rabbit 
(2), dog(3,4), duck(5), chicken(6) and 
other animals(7), by continued administra- 
tion of cobalt salts. Although it is logical to 
presume that cobalt can produce polycythe- 
mia in normal human beings, we have been 
unable to find data in the literature which 
actually demonstrate ability of cobalt to 
cause this condition in healthy people. Berk, 
Burchenal and Castle(8) have shown that 
cobalt exerted erythropoietic stimulating ef- 
fect in some hospitalized patients, most of 
whom were anemic, but very seldom did their 
erythrocyte numbers approach polycythemic 


levels. We believe that the results of the in- 
vestigation herein described constitute the 
first clear-cut demonstration of experimental 
production of polycythemia in normal humans 
by daily administration of a cobalt salt. 
Procedure. Six apparently normal men, 
ranging 20 to 47 years in age, served as sub- 
jects. Red blood cell counts, hemoglobin 
percentages, leukocyte counts, reticulocyte 
percentages and thrombocyte counts were de- 
termined during pre-experimental control pe- 
riod as well as during experimental period of 
cobalt medication. Hemoglobin was esti- 
mated by the Sahli method. Reticulocyte and 
thrombocyte counts were made on wet mount 
preparations in which a drop of fresh blood 
on slide was covered with cover slip coated 
with film of brilliant cresyl blue stain. Eryth- 
rocyte counts were made with a Spencer 
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FIG. 1. Erythrocyte numbers in 6 subjects before, 

during and after periods of daily cobalt administra- 

tion. Dashed lines indicate recovery periods follow- 
ing cessation of medication. 


bright line hemacytometer. Counts were 
made in duplicate and averaged. If the varia- 
tion in numbers was great, further counts 
were made, and entered into the average. 
Observations on blood were made during pre- 
experimental control periods of about 2 weeks, 
after which each subject was given daily oral 
doses of cobaltous chloride for variable peri- 
ods of time during which observations on 
blood were continued. Five subjects received 
150 mg of cobalt chloride daily, while one 
was started on 120 mg/day, which later was 
increased to 150 mg. The daily dose was 
given in divided doses at meal times. A 2% 
solution of cobalt chloride was either ingested 
and followed by water or milk, or diluted 
prior to ingestion. Blood samples were ob- 
tained from free-flowing punctures of finger- 
tips at approximately the same hour of day 
for each individual. In all cases, blood sam- 
ples were taken at least 2 hours after eating, 
and at least 15 hours subsequent to last dos- 
age with cobalt. 

Results. Fig. 1 shows red blood cell counts 
on 6 subjects before, during and after the ex- 
perimental periods of cobalt medication. It 
will be seen that cobalt feeding caused devel- 
opment of polycythemia in all 6 subjects 
within 7 to 22 days. Increases in red cell 
numbers ranged from 0.5 to 1.19 million, with 
average increase of 0.96 million. Polycythe- 
mic erythrocyte counts returned to normal 
within 9 to 15 days after cessation of cobalt 
administration. 

Fig. 2 illustrates development of cobalt 


polycythemia in one of our human subjects. 
In addition to erythrocyte numbers, this 
graph also shows hemoglobin percentages 
(100% equals 14.5 g hemoglobin/100 cc of 
blood), total leukocyte counts and reticulo- 
cyte percentages. 

The initial, control reticulocyte values 
ranged between 0.8 and 1.9%, with average 
of 1% for the 6 subjects. Following com- 
mencement of daily cobalt feeding, reticulo- 
cyte percentages began climbing and reached 
a peak value in all subjects between fifth and 
ninth experimental days. Highest reticulo- 
cyte peak value was 2.7%; lowest was 1.9%. 
In 5 of the 6 subjects, reticulocyte percent- 
ages reached at least twice. the pre-experimen- 
tal values. 

Hemoglobin percentages were increased to 
a lesser extent than erythrocyte numbers by 
cobalt chloride administration. They were in- 
creased by 6 to 11%, which is in dispropor- 
tion to the increases of 16 to 21% which oc- 
curred in erythrocyte numbers of 5 of our 6 
cases. 

Total leukocyte counts, which were fol- 
lowed frequently, remained relatively con- 
stant throughout experimental period without 
deviating significantly from pre-experimental 
counts. 

Although thrombocyte counts fluctuated 
widely, no consistent or uniform changes in 
their values occurred in our subjects. 

Discussion. We believe that our results 
show that cobalt chloride administration can 
cause a true experimental polycythemia. The 
early mild reticulocytosis, the slow develop- 
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FIG. 2. Development of cobalt polycythemia in one 
human subject. Daily administration of cobalt chlor- 
ide was started at zero time. 
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ment of increased erythrocyte numbers during 
cobalt medication, and gradual recovery to 
normal after cessation of cobalt chloride feed- 
ing, indicate that we are not dealing with a 
simple concentration of blood, but with 
stimulation of bone marrow activity. The 
fact that leukocyte counts remained relatively 
constant throughout the experiment also sup- 
ports the concept that this is a true poly- 
cythemia. Although blood volume determina- 
tions were not made, we have previously 
shown that cobalt chloride feeding increases 
the blood volume in dogs(9). 

One subject (designated by X’s in Fig. 1) 
was given only 120 mg of cobalt chloride 
daily for the first 15 days. He showed a 
good reticulocyte response, but a rather mild 
increase in erythrocytes. The daily dose was 
then raised to 150 mg for the next 7 days but 
this caused little additional increase. We did 
not continue cobalt administration longer 
than necessary because of the possibility that 
prolonged use of high doses might ultimately 
prove deleterious to healthy people. For ex- 
ample, we have shown in ducks(5) that co- 
balt can first cause hyperplasia of bone mar- 
row, but may finally cause hypoplasia. In 
the present experiment, the only untoward 
effects noted during cobalt administration, 
were occasional headache and vague abdomi- 
nal discomfort. In one subject the occurrence 
of pimples on the face may have been due to 
cobalt. This condition was mistaken for acne 
rosacea by a dermatologist. 

Weissbecker and Maurer(10) briefly stated 
that cobalt can produce polycythemia in peo- 
ple, but did not publish data to substantiate 
this claim. 

Berk, Burchenal and Castle(8) showed an 
erythropoietic stimulating effect of cobalt in 
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17 hospitalized patients who were allegedly 
hematologically normal people. However a 
close look at initial erythrocyte counts of 
these patients reveals that most of them were 
anemic, at least mildly so. Administration of 
cobalt exerted an erythropoietic stimulating 
action in most of these patients, but 8 of 17 
patients did not reach erythrocyte numbers 
of 5 million, while only 3 achieved counts of 
6 million or more. 


All of our subjects were healthy and hema- 
tologically normal, and developed quite defi- 
nite polycythemias in response to cobalt 
chloride. 


Conclusion. Daily oral administration of 
150 mg of cobaltous chloride to 6 normal hu- 
man subjects caused development of in- 
creased erythropoiesis characterized by eryth- 
rocyte increases ranging from 0.5 to 1.19 M 
(average 0.96 million) cells/mm? of blood 
within 7 to 22 days. The high red blood cell 
counts returned to normal within 9 to 15 days 
after cessation of cobalt administration. 
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Dietary Method for Induction of Atherosclerosis, Coronary Occlusion and 
Myocardial Infarcts in Rats. (24396) 


Grorcr F. Witcram*t (Introduced by C. H. Best) 
Banting and Best Department of Medical Research, University of Toronto, Toronto, Canada 


The rat was believed for many decades to 
be resistant to induction of atherosclerosis. 
Only recently could the older concept of re- 
sistance of this species to atherosclerosis be 
revised, thru the work of several investigators. 
Wissler e¢ al. stressed the usefulness of the 
rat in research on cardiovascular problems 
and pioneered in devising a method for induc- 
tion of atheromatous lesions in this species 
(1). The type of lesion produced by different 
workers using various methods has already 
been discussed(2). It has been demonstrated 
that practically every major arteriopathy ob- 
served in man can be reproduced, as a morph- 
ological equivalent, in the rat. 

This report deals only with atherosclerotic 
lesions in the coronary arteries of rats. The 
above mentioned review describes arterio- 
pathies other than atherosclerosis(2). Athero- 
matous lesions, with a marked lipomatous 
component have until now been produced in 
rats by inducing hypothyroidism and feeding 
diets high in fat and cholesterol with and with- 
out cholic acid(3). Atheromatous lesions 
with a marked fibrinous component were ob- 
served by Humphreys to occur spontaneously 
in older rats(4). The work reported here was 
designed to produce not only mild lesions of 
a lipomatous or fibrous type but to induce 
severe atherosclerosis with coronary occlusion 
and cardiac infarcts. Despite the morpho- 
logical similarities exhibited by atherosclerosis 
in man and in the rat, it is obvious that one 
should not base definite conclusions with re- 
spect to the aetiology and pathogenesis of ath- 
erosclerosis in man on the findings in rats. 
The fact must also be recognized that athero- 
sclerosis in the rat can be produced by differ- 


* Fellow of Life Insurance Medical Research Fund, 
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t The author wishes gratefully to acknowledge the 
help and guidance given by Drs. C. H. Best and C. C, 
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ent methods#(5). Many observers agree that 
atherosclerosis in man is a -polyaetiological 
disease in which different mechanisms may 
lead to apparently similar morphological end- 
results. Our procedure for inducing athero- 
sclerosis, coronary occlusion and cardiac in- 
farcts in rats depends upon the production of 
hyperlipaemia and of vascular injury. 
Materials and methods. Preliminary trials 
involving 170 male Wistar rats established 
that the following regimen was a productive 
one. In a final experiment these conditions 
were imposed on 27 white male Wistar rats. 
This final group was originally composed of 
30 animals, but 3 died in the first 4 weeks and 
were not included. These 3 rats had diarrhea 
—presumably due to the cholate content of 
the diet. The remaining 27 rats were the final 
group in which a state of hyperlipaemia was 
combined with vascular injury. 1. Basal diet 
(Table Ia). 2. Hyperlipaemia was induced 
by supplementing the basal diet with 0.3% 
thiouracil, 0.2% sodium cholate and 1% cho- 


TABLE Ia. Composition of Basal Diet—WGF. 


Dried egg yolk powder 35 
Whole wheat flour 10 
Soya bean + 10 
Sucrose 10 
Bran 6 
Lard 25 


Salt mixture* 2 
Vitamin sucrose mixture*+ 1 
Fat soluble vitaminst i 


* For details see Can. J. Med. Sci., 1953, v31, 
135. 

+ This vitamin mixture was supplemented with 
3 wg vit. By./100 g of food. 

¢{ Fat-soluble vitamins dissolved in corn oil so 
that 1% of dietary corn oil will supply the desired 
amount of fat-soluble vitamins. These were ob- 
tained from Ayerst MeKenna and Harrison, Mon- 
treal, Canada. Content is 200,000 I.U. vit. A and 
50,000 I.U. vit. D/g concentrate. Level of vit. A/ 
100 g of basal food is 2000 L.U. vit. A and 500 L.U. 
vit. D. 


+W. S. Hartroft reported recently that myo- 
cardial infarction occurred in 10-30% of his rats 
using a technic somewhat different from ours(6). 
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TABLE Ib. Experimental Diet WGF-12. 
Supplements to basal diet WGF. 


%o 
Cholesterol 1 
Thiouracil a 
Sodium cholate 2 
Viosterol 35 


lesterol (Table Ib). 3. Vascular injury was 
produced by dietary supplements of irradi- 
ated ergosterol (viosterol containing 400,000 
units vit. D/g of concentrate, obtained from 
Nutritional Biochem., Cleveland, O.). 3.5 
ml of concentrate was dissolved in 6.5 ml corn 
oil and added to 1 kg of basal diet. 100 g of 
food therefore contained 0.35 ml of concen- 
trate or 140,00 I. U. units vit. D. (Table Ib). 
4. Average weight of animals at beginning of 
this experiment was 450 g. One group in the 
preliminary experiments was fed the basal 
diet alone. Another pilot group was given 
the diet with thiouracil, cholesterol and so- 
dium cholate but without vit. D. A third 
group received the basal diet with vit. D but 
without the agents that induce hyperlipae- 
mia. Two other groups were given a slightly 
modified basal diet and exposed to cold 
(0° + 2°) for eight months. The animals 
were housed in individual cages. Their food 
dishes were filled twice weekly. Food left 
in the dishes was discarded. Average life- 
span of the experimental animals on the die- 
tary regimen WGF-12 was 8 months (Table 
II). None of the experimental rats were 
killed. All animals were given the diet ad lib 
until death intervened. The rats in the 
pilot groups were also fed ad lib. Animals in 
the pilot groups that had survived for a 
period of one year were killed by decapitation. 
Heart, aorta, lungs, kidneys and liver speci- 
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mens were removed as soon as possible after 
death, fixed in 10% formalin calcium and 
subjected to the frozen sectioning technic. 
The slides were stained with a 0.4% solution 
of oil red O in triethyl phosphate. The find- 
ings in the heart only will be discussed here. 
After fixation for at least 48 hours each heart 
was rinsed in tepid water overnight, then em- 
bedded in warm gelatin. After setting of the 
gelatin in the ice-box each heart was shelled 
out of the excess of gelatin and cut like a pine- 


TABLE IT. Lifespan after Institution of Experi- 
mental Diet WGF-12. 


No. of animals 


No. of months dying in this 
prior to death month 
5 3 
6 1 
is 5 
8 7 
9 6 
10 4 
ict = — 
12 2 1 
Avg lifespan Total 
8 mo 27 animals 


cone on the stage of the freezing microtome 
at NOT LESS THAN 7 DIFFERENT LEV- 
ELS. Blood was withdrawn from the tail 
vein of 9 experimental rats that had survived 
9 months on the dietary regimen and submit- 
ted to serum lipid determinations (Table IIT). 

Results. Terminology. The following terms 
are used in presentation of results with respect 
to coronary arteries. A. Lipomatous coron- 
ary lesions: Appearance of stainable lipid in 
intima and/or media without signs of prolif- 
eration. B. Atheromatous coronary lesions: 
Characterized by proliferation or deposition 


TABLE III. Blood Lipid Values (mg %).* All 3 groups were fed ad lib. 


No. of Serum Serum total Serum total 
Diet animals total lipidst phospholipidst cholesterol§ 
Chow 6 592+ 47:3 1388 + 35 - 838+ 17 
Basal WGF 13 947 + 254.8 2424+ 72 170 + 50 
Exp. WGF-12 9 3396 + 620 679 + 269 1072 + 315.3 
* Statistical analyses proved that values obtained showed differences of high significance 


(pike 


2 Total lipids were extracted by method of Bloor, Pelkan and Allen (J. Biol. Chem. 1922, 


y52, 191). 


+ King’s method was used for assay of plasma phospholipids (Biochem. J. 1932, v26, 292). 
§ Serum cholesterol determined by the method of Sperry and Webb (J. Biol. Chem. 1950, 


v187, 97). 
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FIG. 1. Cardiac infarct and complete coronary oc- 
clusion induced experimentally in rats by means of 
hyperlipaemia and vascular injury. Upper photo- 
micrograph. Low power, frozen section, oil red O 
stain. Fat appears black. A medium sized coronary 
artery with 2 of its branches is cut in cross section. 
Extensive atherosclerosis appears in all 3 lumina, oc- 
cluding one of them completely. Adjacent cardiac 
muscle exhibits scattered areas of necrosis in lower 
half of picture; large area of frank necrosis in upper 
part. This infarct is well circumscribed, wedge- 
shaped and has a classical zone of leucocytic infiltra- 
tion around it. It is histologically distinctly different 
from areas of focal myocardial necrosis due to hy- 
pervitaminosis D. Lower photomicrograph. High 
power, frozen section, oil red O stain. Fat appears 
black. A subepicardial coronary artery completely 
occluded by atheromatous and thrombotic masses. 
Granulation tissue invades lumen towards centre. 
Thrombotic material is intermingled with fat, debris, 
cholesterol crystals, proliferating cells and increased 
connective tissue ground substance. 


of a fibrinous material between intima and 
media accompanied by increase in number of 
endothelial or subintimal cells. This leads to 
a narrowing of the lumen by the protruding 
plaques so formed. Fat also is very conspicu- 
ous in the subintimal areas. C. Atheroscler- 
otic coronary lesions: Calcification, splitting 
of internal elastic membrane and pronounced 
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degrees of proliferation and lipid accumula- 
tion in the subintimal spaces are features of 
atherosclerosis in the rat, frequently accom- 
panied by thrombosis and occlusion of the 
vascular lumen. None of the 170 animals used 
in the pilot studies exhibited lesions as severe 
and widespread as those seen in the final ex- 
perimental group. The rats on the basal diet 
WGF grew very obese and frequently had 
lipomatous coronary lesions. When the basal 
diet was supplemented with cholesterol, thiou- 
racil and sodium cholate, degree of coronary 
lipomatous lesions was more severe and oc- 
casionally atheromatous changes could be ob- 
served due to the high degrees of hyperlipaem- 
ia(3). The basal diet supplemented with vit. 
D led to development of vascular injury re- 
sembling the Moenckeberg type of medial 
sclerosis. The rats that were given the basal 
diet and were exposed to cold (+2°) for 8 
months, frequently had lipomatous lesions in 
their coronaries, but severe degrees of vascular 
change were not seen. 


A careful study of all these groups revealed 
in the pilot experiments that neither hyper- 
lipaemia nor vascular injury alone was able 
to produce severe atherosclerosis and cardiac 
infarcts in rats. These severe lesions of the 
coronary arteries could be discerned only 
when both hyperlipaemia and vascular injury 
were induced. 


The efficacy of the diet in inducing hyper- 
lipaemia is demonstrable in Table III. Blood 
lipid values in the experimental animals on 
diet WGF-12 are considerably elevated as 
compared with animals that were fed either 
the basal diet WGF or were given chow. 


The efficacy of vit. D supplements in pro- 
ducing vascular injury of a Moenckeberg 
type (medial sclerosis) was ascertained in the 
pilot group that received the basal diet with 
vit. D supplements only. 

We will confine ourselves to a presentation 
of the results produced by vascular injury 
and hyperlipaemia, in the final experimental 
group (Table IV). An animal was recorded 
as positive with respect to any given coronary 
pathology, if this type of lesion could be dis- 
cerned in at least 2 out of the 7 sections cut 
from each heart at 7 different levels. (See 
Methods and Materials.) It can be seen that 
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TABLE IV. Pathological Findings in 27 Rats on 
Diet WGF-12. 


Mo on Coronary arteries 
diet 
WGF- In- Coronary Lipo- Athero- Athero- 
12 faret occlusion matous matous sclerotic 
6 + + + 
8 + - ~ + 
‘ ri 1 a =r 
5 + + — 
8 et 4 = 
5 + + ie 
7 = “ts ate 
i = a 2 te = 
8 ce aie =f 
2 = “- Ate si 
12* a eae Fr = 
10* “e at 5 = 
10* oe — - 
10* aie i Ze “ie 
8 is <a a = ai 
9* oF 4 = 
8 + at =n +p 
9 + — — 
10* =F =e —- 
8 ar 5 = =p 
- + =“ ate 
10* 4 +. 7s 
7 = a = ai a5 
5 is = = 
10* — == _— — 
4 9 24 22 Aye 
% of 14.9 33 88 81 63 
total 


* Blood was withdrawn from tail veins of these 
animals for serum lipid determinations. See Table 
TEE 


nearly all animals (88%) had lipomatous le- 
sions in their coronary arteries. The inci- 
dence of atheromatous changes was but slight- 
ly less (81.5%). The more severe and striking 
vascular lesions occurred in the following per- 
centages: cardiac infarcts 14%, coronary oc- 
clusion 33% and atherosclerotic changes 63%. 
Thus coronary occlusion was observed in half 
the animals with advanced degrees of coro- 
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nary atherosclerosis. Myocardial infarcts oc- 
curred in half the number of rats showing 
signs of complete or nearly total coronary oc- 
clusion by thrombotic masses. Incidence of 
cardiac infarcts was therefore 25% in the 
rats having atherosclerosis and approximate- 
ly 14% of all the animals in this final experi- 
ment. 


A more detailed pathological description of 
coronary occlusions and cardiac infarcts will 
be published later. This report presents 
methods used to secure cardiac infarcts in 
rats. These cardiac infarcts are quite inde- 
pendent of the occurrence of focal myo- 
cardial necrosis, which is caused by hyper- 
vitaminosis D in rats. 


Summary. ‘Twenty-seven white male Wis- 
tar rats weighing 450 g at beginning of the 
experiment were given a diet that induced 
a state of hyperlipaemia and produced vascu- 
lar injury. This diet, arrived at as a result of 
several pilot experiments, proved to be very 
effective, and yielded the following incidence 
of coronary lesions: Lipomatous coronary 
changes 88%. Atheromatous coronary changes 
81%. Atherosclerotic coronary changes 63%. 
Coronary occlusion 33%. Cardiac infarcts 


14%. 
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Maintenance of Pregnancy in Ovariectomized Rats with Some Newer 


Progestins. 


(24397) 


Jacos C. Stuck1 (Introduced by Robert O. Stafford) 
Department of Endocrinology, The Upjohn Co., Kalamazoo, Mich. 


In the rat, bilateral ovariectomy performed 
during the first half of pregnancy results in 
termination of gestation(1). When castra- 
tion is performed during the second half of 
pregnancy, abortion occasionally does not oc- 
cur, particularly when a high placenta: fetus 
ratio exists, because of the capacity of placen- 
tas to produce some progesterone and estrogen 
(2). Although abortion or resorption which 
generally follows castration after mid-term 
appears to be in part a result of trauma of 
surgery(3), it must be concluded that the 
principal cause for termination of pregnancy 
is inadequate placental production of proges- 
terone and estrogen, and that the ovary is 
functional and necessary throughout normal 
pregnancy in the rat(1). It has been shown 
that pregnancy can be successfully maintained 
in rats castrated during the first half of preg- 
nancy by administration of sufficient quanti- 
ties of progesterone or progesterone and es- 
trone(4). A number of new steroids have 
been defined as progestins on the basis of 
their ability to produce a secretory endome- 
trium in the uterus of the estrogen-primed, 
castrate or immature rabbit. Although devel- 
opment of a secretory endometrium appears 
to be associated with the process of implanta- 
tion(5), it cannot be assumed a priori that 
ability of a compound to produce secretory 
changes is directly related to its ability to 
maintain pregnancy after implantation has 
occurred. This communication reports stud- 
ies on pregnancy maintaining activity of a 
number of steroids which cause a secretory 
proliferation of the endometrium, and draws 
particular attention to 6a-methyl-17a-hy- 
droxyprogesterone acetate (Provera),* a re- 
cently reported compound(6) which shows 
unusual potency in production of a secretory 
endometrium and in maintenance of preg- 
nancy. 

Materials and methods. Mature, virgin, fe- 


* Registered trade name, The Upjohn Co. 


male Sprague-Dawley rats, 200-275 g, were 
caged with fertile males in the evening and 
vaginal smears were taken on the following 
morning to detect sperm. The day sperm 
were found, was considered day 1 of preg- 
nancy. On 8th day of pregnancy, the rats 
were bilaterally ovariectomized if found preg- 
nant upon examination of the uterus. Treat- 
ment was begun immediately after ovariec- 
tomy and continued through 20th day of 
pregnancy. At autopsy on 21st day, presence 
or absence of implantation sites and number 
of living young were recorded. The animals 
were also examined grossly for completeness 
of ovariectomy. Test progestins were admin- 
istered subcutaneously once daily as suspen- 
sions in CMCt with one exception. In this 
group (Table II), the test compound was 
mixed with a powdered diet, and drug intake 
was calculated by measuring daily food in- 
take. _Estrone was administered once a day 
subcutaneously in cottonseed oil. 

Results. Of 70 untreated rats found preg- 
nant by palpation, 68 delivered an average of 
10.3 live young each. The 70 animals con- 
tained an average of 11 implantation sites 
each. A “net success index” of 91 was calcu- 
lated for this group as follows: 


Living young/group 


No. of mothers/group X 11 implantation sites pind 
A net success index of 100 would have been 
realized had the rats born an average of 11 
living young each. Net success indices were 
similarly calculated for other groups (Table 
II). That indices be expressed as percen- 
tages of theoretical maximum success (one 
live fetus for each of 11 expected implanta- 
tions), calculations were made using 11 sites 
as a constant. Fourteen rats ovariectomized 
on 8th day of pregnancy and either left un- 


t Upjohn Sterile Vehicle No. 98, containing 10 mg 
carboxymethylcellulose, 4 mg polysorbate 80 and .42 
mg propylparaben/milliliter, 
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TABLE I. Maintenance of Pregnancy in Rats Castrated on 8th Day of Pregnancy. Results 
obtained with compounds which failed to maintain live young at any dose employed. 
ee 
—_—__ern—"\ —O8Cooo 
Doses administered 
alone and eoncomi- 
tantly with 1 yg 


estrone,* 


mg/rat/day 


Compound 


Results 
(autopsy on 21st day of pregnancy ) 


17q-Ethinyltestosterone, 0.1(13) t 


17q-Ethinyl-19-nortestosterone, 10(12) 


17a-Methyltestosterone, 0.05(13) 


17a-Ethinyl-17-hydroxy-5(10)-estren- 
3-one,} 0.5(12) 


25, 10,1, .1 


50, 10, 1, .1 


50,10, 1, .1 


1054..1..01 


No implantation sites remaining in any 
rat. 


Implantation sites in all animals except 
rat administered .1 mg of compound 
alone; no evidence of pregnancy at this 
dose. 


Implantation sites in rats administered 
the 2 high doses with and without es- 
trone; no evidence of pregnancy in re- 
maining animals. 


Implantation sites only in animal receiy- 
ing high dose alone; no evidence of preg- 
nancy in remaining animals; all ani- 
mals lost weight. 


* One rat/dose of compound or dose of compound plus estrone. 

t Progestational activity progesterone in production of secretory endometrium in estro- 
gen-primed castrate or immature rabbit. Literature reference in parentheses. 

¢ Contains the 3-methyl ether of ethinyl estradiol in sufficient quantity to give preparation 


estrogenic activity equal to 10% that of estrone. 


treated or treated with 1 yg of estrone/day 
showed no fetuses, resorbing material or ves- 
tiges of implantation sites when autopsied on 
the 21st day of pregnancy. This constitutes 
evidence that successful maintenance of preg- 
nancy in castrate progestin-treated rats is a 
consequence of the treatment. 

All compounds were initially “spot tested” 
at a wide range of doses administered alone 
and concomitantly with 1 pg of estrone/day. 
One animal was employed/dose. If a com- 
pound was found capable of maintaining preg- 
nancy in the spot test, additional doses were 
employed and number of animals/dose group 
increased to give a rough estimate of potency. 
Compounds which failed to maintain preg- 
nancy at any dose employed appear in Table 
I. One steroid, 17a-ethinyltestosterone, failed 
to maintain even vestiges of implantation sites 
and was, therefore, equivalent to no treatment 
or to treatment with estrone alone. The re- 
maining compounds, 17a-methyltestosterone, 
17a-ethinyl-17-hydroxy-5(10)-estren-3-onet 
and 17a-ethinyl-19-nortestosteroneS main- 
tained implantation sites at some doses even 

¢Compounds supplied through courtesy of Dr. 
L. G. Hershberger, G. D. Searle & Co., Chicago, Ill. 

§ Compound supplied through courtesy of Dr. Leon 
A. Sweet, Parke-Davis and Co., Detroit, Mich. 


though they failed to maintain live young. 


Compounds found capable of maintaining 
pregnancy (Table II) include progesterone, 
17-hydroxyprogesterone acetate (Prodox) ,* 
6a-methyl-17a-hydroxyprogesterone acetate,]|| 
9a-bromo-11-ketoprogesterone,|| 17a-ethyl-19- 
nortestosterone? and  desoxycorticosterone 
acetate. With the exception of 17a-hydroxy- 
progesterone acetate, the compounds main- 
tained pregnancy when administered alone, 
though for comparable success higher doses 
were generally required than when estrone 
was concomitantly administered. Though it 
is difficult to calculate potency ratios from 
these data, it can be seen that the most active 
compound was 6a-methyl-17a-hydroxyproges- 
terone acetate; the least active was 17a-hy- 
droxyprogesterone acetate. The remaining 
steroids, progesterone, 9a-bromo-11-ketopro- 
gesterone, 17a-ethyl-19-nortestosterone and 
desoxycorticosterone acetate possessed poten- 
cies intermediate between these 2 extremes. 
6a-Methyl-17a-hydroxyprogesterone acetate, 
the only compound so tested, was also capa- 
ble of maintaining pregnancy when adminis- 
tered orally in the diet (Table II). 


|| Compounds prepared by Chemistry Dept., The 
Upjohn Co., Kalamazoo, Mich. 
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Discussion. The net success index of 91 
obtained in intact, untreated rats expresses 
the fact that normally not all implantation 
sites develop into living young. Castration 


WITH NEWER PROGESTINS 


probably induces additional embryonic deaths 
even in adequately treated rats through gen- 
eralized effects of surgical trauma(3) and 
through direct damage to embryos located 


TABLE II. Maintenance of Pregnancy in Rats Castrated on 8th Day of Pregnancy. Results 
Obtained with compounds which maintained live young.” 


Daily doses Successful 
r ~ pregnancies Live young Net 
Compound, Estrone, /No. of /successful success 
Compound mg wg SS tELes: 2 pregnancy index 
Progesterone 8 5/5 4 36 
4 4/5 2.5 18 
2 1/5 2 4 
8 i 4/5 5.5 40 
4 i 5/5 6.8 62 
2 Ht 5/5 3.6 33 
1 1 2/5 4.5 16 
17a-Hydroxyprogesterone acetate, 6 100 0/5 0 0 
(6) t 100 1 2/3 2.5 15 
50 Ht 1/2 5 23 
20 1 0/2 0 0 
6a-Methyl-17q-hydroxyprogesterone 40 3/3 5.3 48 
acetate, 50-60(6) 20 3/3 9.3 85 
10 7/7 9 82 
5 4/4 9 82 
2.5 5/5 7.8 70 
1.25 4/5 5.8 42 
625 4/4 if 64 
213 3/3 4.7 42 
-150 5/5 4.4 39 
.075 3/5 1.3 it 
.040 0/3 0 0 
040 iL 2/3 1.5 9 
t 3/6 4.3 20 
9a-Bromo-11-ketoprogesterone, 0.5 10 2/2 7.5 68 
(14) 5 3/3 3.7 33 
1 1/3 3 9 
all 0/1 0 0 
10 1 ay Ae 10 ol 
1 1 373 5.7 52 
5 1 2/2 (j 64 
al 1 0/3 0 0 
17a-Ethyl-19-nortestosterone, 10(12) 10 4/4 1.7 16 
5 3/3 2.3 2 
i 1/4 2 5 
oll 0/1 0 0 
10 1 1/1 al 9 
1 1 3/4 3 20 
a) 1 1/3 1 3 
sil il 0/4 0 0 
Desoxycorticosterone acetate, 0.2(8) 50 i Al 5 45 
10 0/1 0 0 
2 0/1 0 0 
50 1 Wil 5 45 
10 1 1/1 2 18 
2 it 0/1 0 0 


* Autopsy on 21st day of pregnancy. 


t Progestational activity progesterone in production of secretory endometrium in estro- 
gen-primed castrate or immature rabbit. Literature reference in parentheses. 
{ 0.4 to 15.2 mg/day (avg 6.1) orally—in diet. 
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nearest the ovarian end of the uterus. Thus, 
with one exception,’ all regimens resulted in 
success indices less than 91. However, the 
success indices were even higher in castrate 
groups than they probably would have been 
had the fetuses been required to undergo the 
risks of parturition as were those in the in- 
tact, untreated group. 

Our results agree with the following re- 
ported findings. Progesterone alone can main- 
tain pregnancy in castrate, hypophysecto- 
mized rats(4), or in castrate rabbits(7), but 
greater success is realized when estrogen is 
administered concomitantly with progester- 
one. Desoxycorticosterone acetate maintains 
pregnancy in castrate mice and rabbits(8), 
and 17a-ethyl-19-nortestosterone maintains 
pregnancy in castrate rabbits(9).  17a- 
ethinyltestosterone(10) and 17a-ethinyl-17- 
hydroxy-5(10)-estren-3-one(11) were found 
incapable of maintaining pregnancy. 

Fair correlations exist between progesta- 
tional potencies in rabbit endometrial secre- 
tory proliferation assays (Clauberg or Mc- 
Phail) reported in the literature (Tables I 
and II) and ability to maintain pregnancy 
only for 6a-methyl-17a-hydroxyprogesterone 
acetate, 9a-bromo-11-ketoprogesterone and 
desoxycorticosterone acetate. 6a-methyl-17a- 
hydroprogesterone acetate is many times as 
potent as progesterone both in McPhail as- 
says and in pregnancy maintenance. The po- 
tency of 9%a-bromo-11-ketoprogesterone is 
slightly less than progesterone on the endo- 
metrium and slightly greater than progester- 
one in pregnancy maintenance. Desoxycorti- 
costerone acetate is considerably less potent 
than progesterone in both respects. Poorer 
correlation exists between the 2 activities for 
17a-ethyl-19-nortestosterone, reported 10 
times progesterone in the Clauberg assay (12) 
and found to be only slightly more active than 
progesterone in maintenance of pregnancy. 
On the other hand, 17a-ethinyl-19-nortesto- 
sterone, also reported 10 times progesterone 
in the Clauberg test(12) was incapable of 
maintaining pregnancy in doses as high as 50 
mg/day. It has, however, been reported ac- 


4 Ten live fetuses and hence a net success index 
of 91 was found in the one rat receiving 10 mg/day of 
9a-bromo-11-ketoprogesterone. 
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tive in allowing implantation to occur in rab- 
bits castrated shortly after fertilization of the 
ova(12). This is probably a reflection of its 
ability to produce a secretory endometrium. 
No correlation between activity in McPhail 
or Clauberg tests and pregnancy maintenance 
activity exists for 17a-ethinyl-17-hydroxy- 
5(10)-estren-3-one, 17a-hydroxyprogesterone 
acetate, 17a-ethinyltestosterone and 17a- 
methyltestosterone. 


It can be concluded that ability to maintain 
pregnancy in castrate rats cannot be predicted 
from ability to produce a secretory endo- 
metrium in uteri of estrogen-primed rabbits. 
It, therefore, appears unlikely that efficacy in 
the treatment of habitual or threatened abor- 
tion in humans can be predicted from a pro- 
gestin’s ability to produce endometrial secre- 
tory changes. The important pregnancy 
maintaining activity of progesterone has been 
postulated to be one of alteration of the im- 
pulse conducting capacity and hence reactiv- 
ity of the myometrium(15). It remains to be 
seen if the ability of other progestins to main- 
tain pregnancy will correlate with their abil- 
ity to alter myometrial reactivity. 

Pregnancy maintenance also involves bio- 
logical activities other than those generally 
attributed to progestins. The pregnancy 
maintaining activity of the progestins studied 
here was uniformly improved by concomitant 
administration of estrone, a substance inactive 
by itself. Since 17a-hydroxyprogesterone 
acetate, unlike most other progestins, pos- 
sesses no inherent estrogenic (uterotrophic) 
activity (unpublished data), it is attractive 
to postulate that lack of estrogenicity is re- 
sponsible for failure of the steroid to main- 
tain pregnancy when administered alone. It 
has been suggested that androgenic activity 
is also necessary for full gestational develop- 
ment(16), and shown that lower doses of 
progesterone can be employed for mainte- 
nance of pregnancy in castrate mice(17) or 
rabbits(7) when androgens are concomitantly 
administered. Since 17a-hydroxyprogesterone 
acetate is also nonandrogenic (unpublished 
data), we are investigating the possibility that 
concomitantly administered estrogen, andro- 
gen, and 17a-hydroxyprogesterone acetate 
may be more efficacious in maintaining preg- 
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nancy than concomitantly administered es- 
trone and 17a-hydroxyprogesterone acetate. 

Summary. Progestins found capable of 
maintaining pregnancy in rats castrated on 
the 8th day after insemination included pro- 
gesterone, 17a-hydroxyprogesterone acetate, 
17a-ethyl-19-nortestosterone, desoxycorticos- 
terone acetate, 9a-bromo-11-ketoprogesterone 
and 6a-methyl-17a-hydroxyprogesterone ace- 
tate. The most potent compound in this re- 
spect was 6a-methyl-17a-hydroxyprogesterone 
acetate. Compounds which failed to maintain 
pregnancy include  17a-ethinyltestosterone, 
17a-ethinyl-19-nortestosterone, 1 7a-ethinyl- 
17-hydroxy-5(10)-estren-3-one, and 17a- 
methyltestosterone. With the exception of 
17a-hydroxyprogesterone acetate, all com- 
pounds which maintained pregnancy when 
administered concomitantly with estrone also 
maintained pregnancy when administered 
alone. Higher doses were required, however, 
for comparable results. Fair correlation be- 
tween reported potency in the McPhail or 
Clauberg rabbit endometrium assays and 
pregnancy maintenance potency existed only 
for 6a-methyl-17a-hydroxyprogesterone ace- 
tate, 9a-bromo-11-ketoprogesterone and des- 
oxycorticosterone acetate. 


ADDENDUM: In experiments recently performed 
in this laboratory, it was found that pregnancy was 
maintained in 25/26 castrate rats fed 400 ug or 
more of 6a-methyl-17a-hydroxyprogesterone acetate/ 


day. Pregnancy was not maintained in any of 10 


FIBRINOLYSIS BY FUNGAL EXTRACTS 


castrate rats fed less than this amount/day. 


The technical assistance of Miss M. A. Anderson 
and Mr. A. D. Forbes is gratefully acknowledged. 


cee Selye, H., Textbook of Endocrinology, Montreal, 
Acta Endocrin., 1947. 

2. Haterius, H. O., Am. J. Physiol., 1935, v114, 399. 

3. Zeiner, F. N., Endocrinol., 1943, v33, 239. 

4. Lyons, W. R., Proc. Soc. Exp. Biot. AND MEp., 
1943, v54, 65. 

5. Parkes, A. S., Ed., Marshall’s Physiology of Re- 
production, Vol. Il, London, Longmans, Green and 
Co., 3rd Edit., 1952. 

6. Babcock, J. C., Gutsell, E. S., Herr, M. E., Hogg, 
J. A., Stucki, J. C., Barnes, L. E., Dulin, W-2naw- 
Am. Chem. Soc., 1958, v80, 2904. 

7. Pincus, G., Werthessen, N. T., Am. J. Physiol., 
1938, v124, 484. 

8. Robson, J. M., J. Physiol., 1939, v96, 21P. 

9. Saunders, F. J., Colton, F. B., Drill, V. A., Proc. 
Soc. Exp. Brot. anp MEp., 1957, v94, 717. 

10. Overbeek, G. A., deVisser, J., Acta Endocrin., 
1956, v22, 318. 

11. Saunders, F. J., Drill, V. A., Ann. N. Y. Acad. 
Sci, 19585 v.71; 516: 

12. Pincus, G., Chang, M. C., Zarrow, M. X., Hafez, 
E. S. E., Merrill, A., Endocrinol., 1956, v59, 695. 

13. Emmens, C. W., Parkes, A. S., J. Endocrinol., 
1939, vl, 332. 

14. Fried, J., Kessler, W. B., Borman, A., Ann. 
N. Y. Acad. Sci., 1958, v71, 494. 

15. Csapo, A.. Am. J. Anat., 1956, v98, 273. 

16. Korenchevsky, V., Hall, K., J. Path. Bact., 
1937, v45, 681. 

17. Robson, J. M., J. Physiol., 1938, v92, 371. 


Received July 23, 1958. P.S.E.B.M., 1958, v99. 


Fibrinolysis. I. Fibrinolytic Activity of Extracts from non-Pathogenic fungi.* 
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Joseph Stanton Memorial Labs, Saint Elizabeth’s Hospital and Dept. of Medicine, Tufts University, 
Boston 


Several proteolytic enzymes have been ob- 
tained from fungi. In particular, a crystalline 
protease was isolated by Crewther and Lennox 
(1) from a strain of Aspergillus oryzae. In 
an investigation to identify alternative sources 
of fibrinolytic agents, the additional observa- 
tion was made that extracts of some non- 


* Supported by grant-in-aid from Am. Heart Assn. 


pathogenic fungi are able to lyse purified fi- 
brin and plasma clots of human and bovine 
source. ‘ 

Materials and methods. Cultures of 160 
fungi were obtained from many Institutions. 
In this article they are recognized by letters 
and numbers. The letter was arbitrarily as- 
signed according to source, as shown below. 
The number which follows was either arbitrar- 
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ily assigned or represented that supplied by 
parent Institution: (A) Department of Bota- 
ny, Harvard University; (B) U. S. Army, 
Natick, Mass.; (C) Department of Mycology, 
Harvard Medical School; (D) Department of 
Microbiology, and of Botany, University 
of Mass., Amherst, Mass.; (E) Microbiology 
Institute, N.I.H., Bethesda, Md.; (F) De- 
partment of Microbiology, Duke University 
School of Medicine, Durham, N. C.; (G) De- 
partment of Zoology, University of Mich,. 
Lansing. Species of the following genuses 
were considered in the survey: Absidia, Alter- 
naria, Aspergillus, Blastomyces, Candida, 
Chaetonium, Circinella, Conidiabolus, Crypto- 
coccus, Cunninghamella, Epiderophyton, Epi- 
ocum, Geotrichum, Glicoladium, Hellicosty- 
lum, Histoplasma, Hormodendrum, Micro- 
sporum, Monosporum, Mucor, Mycophyton, 
Myrothecium, Neurospora, Nocardia, Penicil- 
lium, Phialophora, Phycomyces, Piptocephalis, 
Pleurotus, Pyrenochaeta, Rhizopus, Ripto- 
cephalus, Sardaria, Scopulariopis, Sporotrich- 
um, Syncephalastrum, Thamnidium, Tricho- 
derma, Trichophyton, Zygorhyncus. The cul- 
tures, received in solid culture media, were 
transferred to a Sabouraud’s dextrose medium 
(containing Neopeptone, 10 g; Bacto-dex- 
trose, 40 g: Bactor-agar, 15 g and water to 
1000 ml). Liquid media were then prepared 
(containing sucrose 7.2 g; dextrose, 3.6 g; 
MgSO, crystals, 1.23 g: KH» PO;, 13.69 g; 
KNO; 2 g:; and H;O to 1,000 ml). Aliquots 
of 100 ml were transferred to Erlenmeyer’s 
flasks of 250 ml capacity. A sample of cul- 
ture, approximately 1 cm in diameter, was 
transferred to each flask. Cultures were incu- 
bated at room temperature (25° C) and grew 
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luxuriously in all cases. After specific time, 
the content of flasks was filtered on Whatman 
No. 2 paper under sterile conditions. To one 
volume of clear filtrate, occasionally stained 
with pigments produced by the culture, were 
added 2 volumes of 95% alcohol pre-cooled 
at —-20°C. A mixture was immediately trans- 
ferred to deep freeze at —20°C. A whitish 
precipitate formed almost immediately which 
separated slowly to the bottom. After over- 
night storage at -—20°C, tubes were cen- 
trifuged at 2000 rpm/15’/4°C and the su- 
pernatant was discarded. The precipitate 
which contained traces of nitrogen, sugars 
and a large amount of salts was _ resus- 
pended in saline 1/10 volume of the original 
filtrate, by agitation. To test the ef- 
fect of extracts from fungi on the overall 
clotting process a system was prepared con- 
taining 0.2 ml of human platelet-poor plasma 
and 0.2 ml of serial dilutions of the fungal 
extracts. The mixture was then recalcified 
by adding 0.2 ml of 0.025 M Ca C12. To 
test the clot lysing activity of the extracts, 
0.2 ml of fresh human or bovine platelet-poor 
plasma (which would not show retraction 4 
hours after clotting) were added to 0.2 ml of | 
saline solution and 0.2 ml of the undiluted 
extract. The mixture was clotted by addi- 
tion of 0.2 ml of thrombin solution contain- 
ing 100 NIH units/ml. After verifying that 
clots had formed normally, they were ob- 
served for lysis after 12 hours of incubation 
in water bath at 37°C. The direct fibrinoly- 
tic activity of the extracts was demonstrated 
by the use of the Astrup-Miullertz plates. 
Commercially available bovine fibrinogen 
(Armour) and highly purified human fibrino- 


TABLE TI. Fungi Producing ‘‘lysing’’ Extracts.* 


Range of activity 


Human 3ovine Human Bovine Egg 
No Fungus clot clot fibrin fibrin Casein albumin 
B-82i Aspergillus oryzae +44 ++ alle teats ate 
B-1273 +++ + +4 + + ee: 
B-4m Aspergillus flavus + =f. + ++ Beeteete sth thy de 
D-101 Absidia coerulea + a Sa =f aL — 
A-10 Aspergillus niduleus -- — — = — ae 


(inactive extract 
for comparison) 


* Extracts were prepared after 6 days of culture of the fungus in liquid media. The range 
of activity shows considerable variation of lytic activity on various media. Note also some in- 
teresting dissociation between ability to digest fibrin and to digest casein and egg albumin, 
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FIG. 1. Lysis of human plasma clots by extracts 
of fungi. B-82i (active), B-1273 (active), A-10 (in- 
active). Lysis of plasma clot was recorded after 12 
hours of incubation. 

FIG. 2. Lysis of heated human fibrin plates by 


extracts of fungi: active 
(B4m) ; inactive (A10). 

FIG. 3. Lysis of bovine heated fibrin plates by ex- 
tracts of fungi and clarifying effect of other extracts. 
The left half of plate shows lytic effects (B4m). The 
clarifying effect is shown on right side of plate 
(C69) for comparison. 


(B82i, B1273); active 


gen were used. Human fibrinogen was pre- 
pared by the method of Cohn and purified by 
the method of Laki(2). The fibrin plates 
were prepared with the following methods: 1 
ml of bovine thrombin containing 100 NIH 
units/ml were rapidly added to 10 ml of a 
1% solution of bovine or human fibrinogen. 
After quick mixing, the contents of the tube 
were poured into a Petri dish. The plates 


were then heated at 85°C for 5 minutes. 
Three-hundredths ml of the extracts were 
finally deposited over the plates with a pip- 
ette. After incubation at 37°C for 12 hours, 
the degree of lysis was judged by measuring 
area of digestion of the fibrin plate. Diges- 
tion of casein and of egg albumin was studied 
by standard technics(3). 


Results. Extracts from 4 non-pathogenic 
fungi were found to lyse human or bovine 
plasma clots or to destroy plates of human 
and bovine fibrin (Table I). Table also in- 
dicates that extracts from fungus B-1273 
showed good activity against human plasma 
clot and human fibrin, but poor activity 
against bovine fibrin and casein, none against 
egg albumin. One ml of extract from fungus 
B-1273, in fact, had the equivalent lytic ac- 
tivity of 8 y of trypsin on casein and of at 
least 250 y on human fibrin. Experiments 
including several inactive fungi did not indi- 
cate any correlation between clot or fibrin 
lysing activity and lactic acid production or 
content in carbohydrates and nitrogen of the 
extracts. These data, however, are of little 
value because of the extreme impurity of the 
material studied. There was only minimal 
acceleration of clotting time by very low dilu- 
tions of extracts from fungi showing lytic 
activity. At higher concentration, the ex- 
tracts showed anticoagulant effect, an activity 
shared by some non-lytic fungi. Extracts 
from other fungi, which did not lyse plasma 
clots or fibrin plates, showed a different prop- 
erty. They included a Scopulariopis (C-64), 
a Trichoderma (C-69) and a Rhyzopus nigri- 
cans (D-94). Their addition to the plate was 
followed by considerable clarification of the 
medium, as the extract apparently ‘“spread”’ 
across the plate. Interpretation of this phe- 
nomenon is under investigation. Addition of 
serum to the extract inhibited both lysis and 
“clarification”. Figs. 1, 2 and 3 give a visual 
demonstration of the phenomena observed. 

Although 2 of the 4 “lytic” fungi belonged 
to the genus Aspergillus species oryzae, not 
all strains of the species showed lytic activity. 
Among 6 strains of Aspergillus oryzae stud- 
ied, 2 were active (B-82i and B-1273) and 
4 inactive (B-22b; B-871; B-6735; D-146). 
It was also noted that optimum activity was 
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TABLE II. Relationship of Life Time of Culture 
to Lytic Activity of Extracts of Fungi.* 


Size of area of lysis 
(diameter), mm 


? Days of culture 
No. Fungus 3 6 9 12 


B-4m 
B-1273 


Aspergillus flavus 


3 7 3 4 
oryzae 7 


10.5 8 4 


* Lytie activity on heated bovine fibrin plate. 


reached at one definite point during growth 
which corresponded to initial formation of 


spores. It tended to fall rapidly after that 
(Table IT). 
Summary. <A study of properties of ex- 


tracts from cultures of 160 non-pathogenic 
fungi has shown that 4 cultures produce non 


Modifications of “George Wright” Canine Tracheal Divider.* 
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protein materials able to lyse plasma clots and 
fibrin, both human and bovine source; at 
least one shows some specificity against hu- 
man plasma clots. 


The authors wish to acknowledge the assistance 
of Doctor Alejandro Arce Q., Fellow of Guggenheim 
Foundation, and Doctor Rinaldo Turpini, Lederle 
Research Fellow, who cooperated in preparation of 
the purified substrates and carried out some experi- 
ments. 
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The “George Wright” tracheal divider(1), 
long used in canine bilateral bronchospirome- 
try, provides access to valuable pulmonary 
information. Two modifications, necessitated 
in our pulmonary studies, have made the in- 
strument more useful without altering its 
basic principle. 

Modification No. 1. Anesthetized dogs were 
placed on dog boards for measurement of bi- 
lateral oxygen uptakes (VO.2) and tidal vol- 
umes (V;) by oxygen-filled, Benedict-Roth 
recording spirometers, using the ‘Wright” 
brass-tubed tracheal divider. Under these 
conditions VO, and V; of the right lung are 
larger(Rahn 2). However, with the original 
brass-tubed divider, V; of the right lung and 
VOz of the left lung were larger. 

Study of the regional anatomy of the dog’s 
carina explained these discrepancies. The 
right pulmonary artery in a supine dog lies 
directly over the tracheal carinal bifurcation. 
Because of random differences in neck length 


* This investigation was supported jointly by Air 
Research and Development Command, Wright Field, 
O., and School of Aviation Medicine, Randolph Field, 
Texas. 


and placement of the dog’s head below the 
plane of the carina, a fulcrum point in the 
neck often was inadvertently established 
whereby the brass-tubed divider applied lever- 
age upward, partially blocking the right pul- 
monary artery. Blood flow then shifted to 
the left lung by this resistance, and left lung 
VOz exceeded right lung VO». 


To correct this condition, equivalent-diame- 
tered polyethylene tubes were substituted on 
the divider (Fig. 1). These tubes were stiff 
enough so placement of the divider was not 
handicapped, yet they were flexible enough to 
prevent inadvertent establishment of a lever- 
age fulcrum. The VO. and V; of the right 
lung always were larger than those of the left 
lung when measured with this modified di- 
vider. Right:left % VO. and % V; of these 
dogs showed close agreement with right:left 
% weight. 

Modification No. 2. Following excision of 
the 3 lower right lung lobes, leaving only the 
right apical lobe and complete left lung, the 
right apical lobe’s size and weight increased 
about 150%. The remaining right apical 
lobe’s expansion alters the angle of tracheal 
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FIG. 1. (A) Original brass-tubed, “George Wright” 
tracheal divider. (B) Polyethylene-tubed modifica- 
tion of “George Wright” tracheal divider. 


bifurcation. The right main stem bronchus 
leaves the carina at a much more acute angle 


divider 


p tracheal 
“head” without balloon. (B) “George Wright’ tra- 


FIG. 2. (A) “George Wright” 


Pronged 
divider 


cheal divider “head” with balloon. (C) 
modification of “George Wright” tracheal 
“head” with balloon. 


Effect of Antibiotics on Growth of Lactose-Fed ‘Rat. 


ANTIBIOTICS ON GROWTH OF LACTOSE-FED RAT 


than before excision, and separation of right 
from left lung becomes extremely difficult be- 
cause the divider ‘“‘head”’ slips by the bifurca- 
tion and lodges in the right main stem bron- 
chus. Examination of a plastic cast of the 
tracheobronchial tree in the carina region re- 
vealed that no bronchi originate along the 
internal edge of the carinal bifurcation (for at 
least 3 cm). A new divider “head” was con- 
structed with prongs that are simple projec- 
tions of the brass tubes filed into the shape 
shown in Fig. 2. Each prong tip was blunted 
with a rounded drop of lead solder to prevent 
scratching the trachea when inserting the 
divider. 


Summary. Two modifications of the 
“George Wright” canine tracheal divider have 
been made. They are: 1) substitution of 
polyethylene for brass tubing, and 2) addi- 
tion of prongs to the divider head. Inadvert- 
ent pulmonary artery obstruction is pre- 
vented, and the divider does not slip past the 
carina. 


1. Rahn, H., Bahnson, H. T., J. Appl. Physiol., 1953, 
v8, 417. 

2. Rahn, H.,.Sadoul; P., Farhi, LL. Esshapiroy ie 
ibid., 1956, v8, 417. 
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R. M. ToMAarELLiI AND F. W. BERNHART* 
Wyeth Inst. for Medical Research, Radnor, Pa. 


Use of the rat in nutritional studies of 
human milk is complicated by its intolerance 
to high concentration of lactose. Symptoms 
of lactose toxicity are intense diarrhea for the 
first few weeks, untidy bloated appearance, 
retarded rate of growth, polydipsia, polyuria, 
galactosuria, and after prolonged feeding cat- 
aracts appear(1). Since high levels of diet- 
ary galactose will produce most of these 


* The authors wish to acknowledge appreciation to 
Mrs. A. Zilliken and Miss N. Minnick for technical 


assistance, 


symptoms, it is sometimes assumed that tox- 
icity of lactose is due entirely to its galactose 
component. However, feeding lower levels 
of lactose will produce a growth retardation 
that is not duplicated by an equivalent mix- 
ture of glucose and galactose(2,3), thus the 
intact disaccharide is implicated rather than 
its digestion product. Because of incomplete 
digestion and absorption, considerable 
amounts of lactose reach the lower intestine, 
resulting in an increase in bacterial popula- 
tion (1). The adverse effect of lactose feed- 


* 


ANTIBIOTICS ON GRowTH oF LACTOsE-FED Rat 
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FIG. 1. Effect of dietary carbohydrate on growth 
rate. 


ing has been ascribed to this increased bac- 
terial action in the intestinal tract, either 
through an interference with the utilization of 
nutrients or by production of toxic metabo- 
lites(1). The effect of antibiotics on growth 
retardation produced by a high-lactose diet 
was studied to investigate this possibility. 
Methods. The basal diet consisted of casein, 
242; lactose, 520; fat mixture of corn, palm, 
soybean and oleo oil, 198; salt mixture, 40 
(4); and vitamins.t Lactose in this diet as in 
human milk supplied 43% of the calories. 
The antibacterial agents used included 
several that would be expected to be particu- 
larly effective in the intestinal tract. The 
concentrations of the antibiotics chosen were 
those shown by Dick and Johansson to pro- 
duce a marked alteration of the intestinal 
flora of the rat(5). The antibiotic was diluted 
with lactose before admixture into the diet. 
Results. Rats fed the basal diet grew at 


t1 g of choline chloride; 5 mg each of thiamine 
HCl, riboflavin, pyridoxine HCl and 2-methyl nap- 
thoquinone; 50 mg each of niacin and calcium pan- 
tothenate; 100 mg each of inositol and p-amino- 
benzoic acid; 2 mg folic acid; 0.5 mg of biotin and 
50 pg of vit. B,./kg of diet. Fat soluble vitamins 
given by dropper, 2 drops twice weekly—30 mg 
tocopherol, 4400 I.U. vit. A, 600 LU. vit. D/g of 
corn oil. 
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about two-thirds the normal rate (Fig. I). 
When the lactose of the diet was replaced 
with an equivalent mixture of glucose and 
galactose, i.e. 26% each, rate of growth was 
equal to that of the group fed glucose. 

Enlargement of the cecum found in lactose- 
fed rats was not present in the group fed the 
glucose-galactose mixture. Average cecum 
weights were: lactose, 0.98; glucose-galactose, 
0.42; and glucose 0.38, (g/100 g body 
weight). 

In the experiment of Table I, after 28 days 
of feeding, the antibiotic groups, with the ex- 
ception of carbomycin B, were heavier than 
the control. The weight differences were not 
large and with the variation present only the 
chlortetracycline group was _ significantly 
heavier than the control (p = 0.05). The 


TABLE I. Effect of Antibiotics on the Growth of 
Lactose-Fed Rats. 


; Ceeum, 

Antibiotic, Gain (g) + S.E. 5/100 
Group* 100 mg/kg 28 days 42days g 
A None JO8 fee SLOG e101 80 


B Chlortetracyclinet 121 6.0 195 8.9 .93 
C Benzathine peni- 116 6.0 192 10.7 .87 
eillin Gt 


D Bacitracin§ iOS Geieb OBiie Sail reKs) 

E Carbomycin B|| 97 5.0 162. 6.3 :99 

F Polymixin Bf 110 4.0 188 9.0 .75 
» 


G (Glucosecontrol) 159 6.1 288 12.5 .30 


t Aureomycin HCl, Lederle. 
§ Pfizer, 55 u/mg. || Mag- 
{| Pfizer, 7105 u/mg. 


* 6 rats/group. 
¢ Bicillin, Wyeth. 
namyein, Pfizer. 


effect of the penicillin was of borderline sig- 
nificance (p = 0.08).+ During the next 2 
weeks all groups grew at about the same 
rate, 35 g/week, so that at the 42nd day the 
absolute weight differences between the 
groups were the same as at the 28th day. At 
the later date only the chlortetracycline 
group was significantly different than the 
control. Antibiotics had no effect on the 
cecum size. 

The growth promoting effect of chlortetra- 
cycline was confirmed in a second experiment, 
(Table II). The difference in weight gain 
between the chlortetracycline and _ control 
groups was highly significant at both 28 and 
42 days (p = < 0.01). Again the absolute 


+ Student’s t test, 0.05 or less considered signifi- 


cant. 
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TABLE Il. Effect of Antibacterial Agents on Growth of Lactose-Fed Rats. 


Gain (g) + S.E. Cecum size, 


Group* Antibacterialagent Per kg diet 29 days 46 days g/100 ¢g 
A None IP fs 187 6.4 89 
B Chlortetracycline 100 mg 147 33.0 208 4.0 -80 
C Sulfathalidine 20 g WG) OY) 197 10.1 89 
D Polymagmat 50 mlt 129 9.0 183 12.5 86 
E (Glucose control) 183 4.5 258 7.5 21 


* 7 rats/group. 


+ 500 mg dihydrostreptomycin, 200,000 units polymixin B, 5 g attapulgite and 450 mg pec- 


tin, Wyeth. 


difference in weight gain was the same at the 
42nd day as at the 28th day indicating that 
the growth-promoting action of the antibiotic 
was effective only during the early part of 
the experiment. Sulfathalidine and the di- 
hydrostreptomycin - polymixin preparation 
were ineffectual. The weight difference be- 
tween groups A and C at 46 days was not 
statistically significant (p = 0.3). The ce- 
cum size was not reduced by the antibacterial 
agents. The improved growth rate of the 
aureomycin group was not the result of a 
more efficient utilization of food; the lactose 
group gained 0.31 g per g of food, the aureo- 
mycin group, 0.32 g/g. 

Rats fed lactose are characterized by a low 
body fat content, 8 compared to 14% in a 
rat fed a glucose diet(6). The increased body 
weight of the chlortetracycline-supplemented 
rat was not due to increased fat deposition. 
Carcass analysis values for the chlortetra- 
cycline and control groups respectively were: 
protein, 20.9, 21.4; fat, 8.4, 9.5; water, 60.1, 
60.7. 

During the first 2 weeks the rats suffered 
from diarrhea. There was no correlation be- 
tween severity of the diarrhea and rate of 
growth, and the antibiotics had no effect on 
duration nor severity of the diarrhea. 

Discussion. The retarded growth of young 
rats fed a diet containing lactose in the caloric 
proportion present in human milk does not 
occur with an equivalent mixture of glucose 
and galactose. Thus under these particular 
dietary conditions, the adverse effect must 
be attributed to the intact disaccharide. In- 
volvement of intestinal bacteria is suggested 
by growth stimulation produced by chlor- 
tetracycline and to a lesser degree by penicil- 
lin. On the other hand, carbomycin, polymix- 
in, bacitracin, sulfathalidine and the Poly- 


magma mixture had little or no effect. The 
antibiotics of the latter group are relatively 
insoluble and would be expected to be present 
in the intestinal tract in higher concentrations 
for longer periods. The effectiveness of the 
more readily absorbed chlortetracycline sug- 
gests that the beneficial antibacterial effect 
may be extra-intestinal. If growth stimula- 
tion is mediated through alterations in the 
intestinal flora then it must be assumed that 
the pertinent organisms are more sensitive to 
aureomycin and penicillin than to the less 
readily absorbed antibiotics. 

Other investigators have fed antibiotics in 
lactose diets to rats. De Groot and Engel(7) 
reported no increase in growth rate when peni- 
cillin, streptomycin, and chloromycetine were 
fed with a grain and meat or milk diet con- 
taining 25% lactose. Lee and Moinuddin(8) 
found chlortetracycline-fed rats tended to ex- 
ceed controls in weight gain on a 25% lac- 
tose diet. The effect was more pronounced 
during the first week. 

The above results are in agreement with 
those of the present study; chlortetracycline 
but not other antibiotics added to a lactose 
diet will definitely improve rat growth. The 
weight gains are small when compared to 
those of the glucose control and it is uncer- 
tain whether the effect is operative in the 
intestinal tract. 

Summary. Rats fed a diet with a lactose 
content similar to human milk (43% of the 
calories) grow at a reduced rate. Normal 
growth was attained with an equivalent mix- 
ture of glucose and galactose, thus implicat- 
ing the intact disaccharide and suggesting 
that the adverse effect is of intestinal bacterial 
origin. Chlortetracycline, and penicillin to a 
lesser degree, increased growth rate. Carbo- 
mycin, bacitracin, polymixin, sulfathalidine 
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and a dihydrostreptomycin-polymixin-pectin- 
adsorptive clay mixture were ineffectual de- 
spite their relatively low solubility. The char- 
acteristic low-body fat of the lactose-fed rat 
was not affected by chlortetracycline adminis- 
tration. 
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Lymphocyte Output and Lymph Flow of Thoracic and Right Lymphatic 


Ducts of Anesthetized Rats. 


(24401) 


JoHN ScHootry* (Introduced by W. O. Reinhardt) 


Department of Anatomy, School of Medicine, University of California, San Francisco 


The present experiments were undertaken 
to ascertain rate of flow and cellular content 
of lymph simultaneously collected from right 
and thoracic lymph ducts in male rats. 

Methods. Preliminary observations of lym- 
phatic channels draining into right jugulo- 
subclavian angle of the rat (after injection of 
trypan blue) indicated that quantitative col- 
lection of right duct lymph was feasible using 
a procedure previously described by Rein- 
hardt(1) for thoracic duct cannulation. Ten 
unfasted male Long-Evans rats about 100 
days old were anesthetized by IP injection of 
sodium pentobarbital (7 mg/100 g_ body 
weight). The neck region was shaved and 
midline incision made from symphysis menti 
to sternal angle to expose sternohyoid mus- 
cles. Manubrium sterni was split lengthwise 
in the midline and the halves of the manu- 
brium along with superficial neck muscles 
were retracted laterally, care being taken not 
to occlude or damage underlying vessels. 
Sternal attachments of the sternohyoid mus- 
cles were bluntly dissected away, exposing 
carotid arteries, vagi, and the jugulo-subcla- 
vian venous angles. Animals were tracheoto- 
mized and cervical lymphatic ducts ligated. 
Under dissecting microscope, thoracic and 


* Present address: Donner Laboratory, University 
of California. Assisted by research grant from 
Seer. 


right lymphatic ducts were identified at en- 
trance into jugulo-subclavian angles. The 
lymph ducts were nicked with a sharp needle 
and an L-shaped Pyrex capillary cannula was 
introduced into each duct. Lymph was col- 
lected in small vials. Coagulation of lymph 
was prevented by occasional application of 
powdered heparin to tips of cannulae. Com- 
pared to difficulties usually encountered in 
cannulating the right lymphatic duct in dogs, 
cats, and rabbits, this method is simple and 
successful, in most instances, in the rat. 
Lymph flowing through each duct was col- 
lected for various intervals (1 to 4 hours) and 
volume measured with graduated tuberculin 
syringe or micropipette. Total white cell 
counts were made in duplicate; all cells ob- 
served in the counting chambers were con- 
sidered to be lymphocytes. 


Results. Table I gives results obtained for 
each animal. Rate of lymph flow from tho- 
racic duct is about 6 times as great as for 
right lymphatic duct. Average rates of flow, 
in terms of body weight, are 1.8 and 0.3 ml/ 
hr/kg for thoracic and right lymphatic ducts 
respectively. Whereas lymphocyte content of 
thoracic duct lymph is 25% higher than that 
of right duct lymph, total lymphocyte output 
of the thoracic duct is more than 7 times that 
of the right duct. Total lymphocyte output, 
calculated/unit body weight, is 42.9 and 5.7 
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TABLE I. Lymphocyte Content and Volume of Lymph Flow in 10 Male Anesthetized Rats. 


Lymphocyte count Vol of lymph Lymphocyte output 
Right lymph- Right lymph- Right 
Body wt Thoracic duct atic duet Thoracic duct atic duct Thoracic duct duet 
(g) -—— (cells/mm*) X 10?——, -— ml/hr-—————, _ -——— (cells/hr) X 10®°—_, 
334 18.7 14.9 70 11 13.1 1.6 
296 24.8 13.0 .36 07 8.9 y 
294 34.2 23.7 .28 07 9.6 et 
300 16.1 15.7 55 14 8.9 2.2 
322 28.2 14.7 45 06 12.7 AY) 
302 25.2 16.4 65 10 16.4 1.6 
304 19.6 15.0 58 10 alsa 1.5 
298 21.1 19.5 62 10 13.1 1E9 
300 29.7 22.9 7 12 16.9 2.7 
280 22.6 16.8 84 13 19.0 2.2 
303 + 4.7* 24.0 + 1.7 Wye MEL 06 + .08 LOE On! 1320 227-9 1 eee 


* Mean + stand. error. 


million cells/hr/kg, respectively, for the tho- 
racic and right lymphatic ducts. It is of in- 
terest to note that lymph collected from the 
right lymphatic duct was always clear; lymph 
collected from the thoracic duct was invari- 
ably milky. This may indicate that inter- 
communications between thoracic and right 
lymphatic ducts which have been observed in 
other species do not occur to any appreciable 
extent in the rat. This viewpoint was further 
substantiated by observation of radiograms 
made after IP or intra-thoracic injection of 
colloidal thorium dioxide. In _ radiograms, 
such intercommunications were not seen, 
whereas main lymph channels were clearly 
visualized. 


Discussion. Employing these data, it is 
possible to calculate the Daily Replacement 
Factor (DRF) for blood lymphocytes. If the 
total number of lymphocytes circulating in 
the animal, and total number of lymphocytes 
emptied into blood by the lymphatic system 
each day is known, it is possible to calculate 
the number of times the blood lymphocytes 
are replaced by the lymphocytes discharged/ 
day into the blood stream. Such DRF values 
have generally been estimated utilizing only 
thoracic duct lymphocyte outputs and making 
assumptions about the lymphocyte outputs 
from other lymphatico-venous anastomoses. 
Assuming a 5% blood volume for rats of this 
age and weight, and blood lymphocyte counts 
of 7,000 cells/mm’, a total of 350 million 
lymphocytes would be present in the circulat- 
ing blood volume per kg rat. The data obtain- 


ed in these experiments indicate that 1,150 
million and 137 million lymphocytes/day/kg 
respectively are discharged by the thoracic 
and right lymphatic ducts. Assuming further 
that the lymphocyte output of each subclavian 
duct is at least equal to if not greater than the 
output of the right lymphatic duct (an as- 
sumption which seems justified considering the 
findings of Hughes et al.(4) for the rabbit), 
a total of 274 million lymphocytes/day/kg 
would be discharged by both subclavian 
ducts. Data reported by Reinhardt(2) indi- 
cate that the cervical duct outputs would be 
about 60 million lymphocytes/day/kg. Total 
output of the thoracic, right, cervical, and 
subclavian ducts would be 1,620 million lym- 
phocytes/day/kg. Thus, the lymphocytes 
which are released into the blood stream 
through these lymphatico-venous channels are 
sufficient to replace the 350 million cells of 
the circulating blood 4.6 times daily, indicat- 
ing that the mean time (of the lymphocyte) 
in the circulating blood is about 5.2 hours. 
This value compares favorably with DR¥ 
values of 2.05(2) and 5.0-6.0(7) which have 
been reported for rats. Whaler and Widdi- 
combe(4) have recently estimated a DRF of 
24.0 in unanesthetized rats. These values are 
all undoubtedly minimal because of the as- 
sumptions involved in such calculations 
(o5050.) 

It is of interest to compare these results 
with data available for other species. It 
should be pointed out that any such compari- 
son between different species and, in fact, be- 
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tween individuals of the same species, is hin- 
dered by the number of variables which may 
influence rate of lymph flow and lymphocyte 
content of lymph collected from any region 
of the body. The right duct lymph flow in 
21 dogs(6) of an average weight of 21 kg 
was found to be 0.1 ml/hr/kg and in 10 cats 
(8) of an average weight of 3.4 kg it was 0.15 
ml/hr/kg. The white cell content of the 
right duct lymph of the cat has been reported 
to be 2,310 cells/mm*, whereas the thoracic 
duct lymph in the same animal contained 
4,120 cells/mm*. Right duct lymph flows of 
0.46, 0.35, amd 0.24 ml/hr in each of 3 rabbits 
with cell counts of 39,500, 39,800, and 43,600 
cells/mm* have been reported(3). 

Summary. 1. Lymph and lymphocyte out- 
puts from thoracic and right lymphatic ducts 
of male rats have been measured. 2. Rate of 
flow and lymphocyte output of the thoracic 
duct was 1.8 ml/hr/kg and 42.9 million lym- 
phocytes/hr/kg; right lymphatic duct values 
were 0.3 ml/hr/kg and 5.7 million lympho- 


Co*’Vitamin B,, Binding Capacity of Normal Human Saliva.*t 


cytes/hr/kg. 3. Utilizing these data a Daily 
Replacement Factor for blood lymphocytes of 
4.6 was obtained for the anesthetized rat. 
4. These results have been compared with 
similar findings reported for other species. 
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ROBERT W. BERTCHER, LEO M. MEYER AND INEz F. MILLER 
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Microbiological or radioisotope-dialysis es- 
timates of vit B;. binding capacity of normal 
human saliva have given comparable results 
(1,2,3). Preliminary to further investigation, 
this capacity was reevaluated using Co*°vit 
B,2 and exhaustive dialysis and its relation- 
ship to age, sex and multiple factors in saliva 
was studied. 

Methods. Co®vit By. having a specific 
activity of 0.823 mc/mg was used. Saliva 
stimulated by chewing gum was collected 
from 103 healthy adolescents and adults 1-4 
hours after breakfast. Specimens were cen- 
trifuged to remove cells and debris. To 1 ml 
aliquots of clear supernatant in Visking bags 
varying amounts of Co®°vit By. ranging from 

* This study was supported in part by institu- 
tional grant from Nat. Cancer Inst., N.ILH., 


U.S.P.HS. 
+ Co®vit B,. was provided by Merck and Co., 


Rahway, N. J. 


1 to 100 myg were added. After 2 hours in- 
cubation at room temperature, each bag was 
subjected to exhaustive dialysis in cold run- 
ning tap water for 48 hours. Each sample 
was placed in a 4 ml vial then filled with 
concentrated sulfuric acid dissolving the bag, 
and allowing complete mixing within the vial. 
Standards were prepared in similar vials and 
included entire range of Co®°vit By. added to 
the bags. Counting was done in a well-type 
scintillation counter. ‘‘Bound” vit By. was 
measured in terms of residual radioactivity. 
Refractive index was determined with Bausch 
and Lomb Dipping Refractometer. Specific 
gravity was measured with an hydrometer. 
Optical density at 280 mp was obtained with 
Beckman Recording Spectrophotometer D.K. 
Leukocyte counts were made on undiluted 
saliva with Neubauer hemocytometer. Stud- 
ies for ABO blood group types and for secre- 
tion in saliva of ABO substances were per- 
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FIG. 1. Co" vit. Bi» binding capacity of saliva of 4 
normal subjects. 


formed in the usual fashion, using appropriate 
sera. 

Results. Fig. 1 shows 4 representative as- 
says. In all instances the curve has 2 parts: 
a rapidly ascending essentially straight line 
followed by a plateau. Binding capacity is 
represented by the point of flexion, or, be- 
cause of the plateau form, the amount bound 
when 100 mug Covit By: were added. Spec- 
imens binding over 50 myg vit Bio per ml 
had binding capacities estimated perforce at 
the 100 mpg level. Additions of larger 
amounts of Co®°vit By. were not studied. 

Salivary binding capacity varied from 13 
to 80 mug/ml with a mean value of 31 + 10.2 
myg/ml, and a median value of 28 myug/ml 
(Fig. 2). The median 50% of values fell 
between 22 and 36 mpg/ml. 

Co®vit By. binding capacity of saliva 
tended to be constant for each subject when 
tested at hourly intervals for 4 hours (Fig. 
3), and also at varying intervals of days or 
weeks (Table I). 

An attempt was made to relate Co vit By» 
binding capacity of 50 samples of saliva to 


a 


NUMBER OF PATIENTS 


| | TTT bi 


10 
mug Co®? B,, BOUND/mI SALIVA 


FIG. 2. Range and distribution of Co” vit. By bind- 
ing capacity of normal human saliva in 103 subjects. 


salivary specific gravity, leukocyte count, re- 
fractive index, optical density at 280 mp, 
blood groups and secretor factors. No cor- 
relation was found. There is a suggestion 
that subjects less than 30 years of age tend 
to have higher vit By,» binding capacity than 
those in the older age group (Fig. 4). 
Discussion. Beerstecher(1), using E. coli 
as a test organism and expressing results in 
terms of units of apoerythein, found a mean 
binding capacity of 55.5 myg/ml saliva for 
vit By». Grasbeck(2) reported values of 42 
and 45 myg/ml in 2 subjects using L. leich- 
manni and radioactive vit By, in microbial 
absorption inhibition method.  Schilling(3), 
using a technic similar to ours, found a value 
similar to those noted above in 1 specimen. 
Our results overlap with, but show an average 
binding capacity somewhat lower than, those 
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FIG. 3. Binding capacity of saliva for Co® vit. Bis 
at hourly intervals in 8 subjects. 


previously reported. Beerstecher collected 
saliva without stimulation, while the other 2 
investigators make no note on this point. 

Previous studies from this laboratory (4) 
suggest more than one vit By. binding sub- 
stance in the serum of normal individuals. 
Present studies indicate (Fig. 1) that saliva 
contains a single binding factor. This fits 
with Grasbeck’s(2) finding by electrophoresis 
of a single vit By, binding substance in saliva. 

Although salivary binding capacity for vit 
By. varied within the group, relative con- 
stancy of the binding factor in each subject’s 
saliva from hour to hour and day to day is 
worthy of note. 
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TABLE I. CoB, Binding Capacity of Saliva of 
Individual Subjects at Intervals of One or More 
Days. 
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Gyorgy et al.(5), reporting on Bifidus Fac- 
tor, found a frequent correlation between this 
substance, blood group secretor factor and 
Castle’s intrinsic factor. If salivary binding 
of vit B,. were a result of intrinsic factor 
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FIG. 4. Correlation of Co” vit. Bis binding capacity 
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of saliva with sex and age. 
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activity, a correlation between this binding 
capacity and secretor factors might have been 
anticipated. However, the present study 
showed no such relationship. Grasbeck and 
others(5,6), moreover, have demonstrated the 
absence of salivary intrinsic factor activity. 

Summary and conclusions. 1) Vit By» bind- 
ing capacity of normal human saliva has been 
estimated using Co®vit By. and exhaustive 
dialysis. It varies from 13 to 80 myg/ml, 
with a mean of 31 + 10.2 mug/ml. 2) These 
values appear constant for the individual over 
a period of hours to days. 3) No correlation 
was found between vit B,. binding capacity 
and salivary specific gravity, refractive index, 
optical density at 280 my, leukocyte count, 
ABO blood groups or secretion of ABO 
substances in saliva. 
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Arterial Oxygen Pressure in Dogs Breathing Oxygen at 2,5 Atmospheres 


Pressure.* 
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D. W. RENNIEt AND J. R. PAPPENHEIMER?+ 
Department of Physiology, Harvard Medical School, Boston, Mass. 


In normal men breathing oxygen tensions 
of 200-760 mm Hg the oxygen pressure in 
arterial blood is some 30-40 mm Hg lower 
than in alveolar gas(1). This “A-a” Ov 
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difference results primarily from admixture of 
small quantities of systemic venous blood with 
fully oxygenated pulmonary capillary blood 
(1,2). There are no theoretical reasons for 
supposing that A-a difference should increase 
with further increase in inspired oxygen ten- 
sions. However, indirect measurements re- 
ported by Lambertsen, e¢ al.(3) indicate that 
this may be the case. In normal men breath- 
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TABLE I. Arterial Oxygen Tension in Individual 
Dogs Breathing Oxygen at Various Ambient Pres- 
sures. 
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3 760 585 95 .06 

1520 1250 190 .09 

1900 1640 180 11 

4 760 475 205 11 

1290 940 230 12 

2050 1750 185 11 


ing O. at 2650 mm Hg arterial Oy pressure 
calculated from Oy, content averaged 2100 mm 
Hg thus implying an A-a difference exceeding 
400 mm Hg. An A-a difference of this magni- 
tude is quite outside the range predicted by 
current theories of pulmonary gas exchange. 
We have recently made direct measurements 
of arterial Oy tension (Pa,2) in 4 anesthetized 
dogs breathing Oz at 2.5 atm. The observa- 
tions were incidental to a study of kidney 
oxygen tensions(4) and are incomplete from 
a respiratory point of view. Nevertheless, 
they show clearly that A-a Oy, difference re- 
mains unchanged as inspired Oy pressure is 
increased from 760 to 2000 mm Hg. 

Methods. Dogs were anesthetized with 
Nembutal, placed supine and provided with 
100% Oz via a demand valve and endotrach- 
eal tube. Oxygen pressure in arterial blood 
at 37°C was measured continuously with a 
polyethylene protected oxygen electrode as 
described elsewhere(4,5). The overall error 
of the method was about +2%, i.e. + 15 mm 
Hg at 1 atm and + 40 mm Hg at 2.5 atm. 
Experiments at high pressure were carried out 
in the Pressure Chamber of the Univ. of Penn- 
sylvania.’ All measurements were made at 
least 1% hour after adjusting inspired Oy» pres- 
sure. 

Results. In 18 dogs breathing Oy, at 760 
mm Hg the mean Paoe was 520, S. E. + 14 


ARTERIAL Oo AT HIGH PRESSURES 


mm Hg. In 3 dogs breathing O» at 1900 mm 
Hg the mean Pao2 was 1680 + 30 mm Hg 
and in 1 dog breathing Oy. at 2050 mm Hg 
the Pag was 1750 mm Hg. Data from ex- 
periments at high ambient pressure are sum- 
marized in Table I. It is clear that Oy, pres- 
sure difference between inspired gas and ar- 
terial blood was not significantly increased at 
high ambient pressures. The significance of 
this result in terms of A-a Oy difference is dis- 
cussed below. 


Discussion. Alveolar Oz pressure (PAo2) 
breathing 100% Oz is equal to total ambient 
pressure (PB) less the sum of the vapor ten- 
sion (47 mm Hg) and alveolar CO, tension 
(25-45 mm. Hg). Variations of COs are 
negligible in comparison to total pressure and 
for practical purposes, within an error of + 
10 mm Hg, PAoo = PB — 80 mm Hg. Using 
this relation we have calculated A-a Oz dif- 
ferences as shown in Table I, column 4. There 
was no significant change of A-a Os in each 
animal as inspired Os was increased from 760 
to 1900 or 2050 mm Hg. The absolute values 
of A-a Os» difference varied considerably from 
one animal to another at all ambient pressures 
and were always greater than in normal men 
breathing Oz. at 1 atm. Thus in 18 dogs 
breathing O. at 1 atm. the mean A-a Oz dif- 
ference was 140 + 15 mm Hg (range 20 to 
330 mm Hg) in contrast to values in the range 
30-40 mm Hg found in normal men. It is 
probable that in the lungs of supine, anesthe- 
tized dogs there is an abnormally large shunt 
effect with correspondingly increased A-a diff- 
erence.. Evidence favoring this explanation 
is shown in Col. 5 of Table I. Here we have 
calculated the ratio of venous shunt flow to 
total pulmonary flow (cardiac output) which 
would give rise to the arterial O» tensions ob- 
served at each ambient pressure. The calcu- 
lation was made as described by Bartels and 
Rodewald(1), assuming that systemic venous 
blood contained 5 v.p.c. less Os than arterial 
blood. The calculated shunt flow ranged 
from 4-12% of cardiac output (average 9%) 


§ We wish to thank Prof. C. J. Lambertsen and 
Dr. Murray Smythe for making available to us the 
facilities of the high pressure chamber of the Univ. 
of Pennsylvania and for generous help with experi- 
ments. 
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in contrast to the average value of 2% found 
in normal man(1). In any one animal there 
was no significant change in calculated shunt 
flow as ambient pressure was increased from 
760 to 2000 mm Hg. 

It remains to consider possible reasons for 
the low estimate of Pag2 made by Lambertsen 
et al.(3) on the basis of analyses for arterial 
Oz content in normal men breathing oxygen 
at 2650 mm Hg. If these estimates are cor- 
rect they would imply a shunt flow of 25% 
of the cardiac output or alternatively an ob- 
scure physical limitation on diffusion of Oy. 
at 3.5 atm. which we could not detect at 2.5 
atm. It seems more likely, on the basis of 
present results, that the discrepancy is due 
to a small systematic error in estimation of 
O. pressure by the indirect method. In the 
experiments of Lambertsen, e¢ al.(3) Oz pres- 
sure was calculated from the solubility of Os 
in whole blood and the difference between 
total and combined Os in arterial blood. 
Total Oz was estimated manometrically at 1 
atm. after anerobic transfer of samples from 
3.5 atm.; Os capacity was estimated spectro- 
photometrically. A loss of 5% of the Oz dur- 
ing transfer or an absolute error of 5% in 
comparing manometric with spectrophotome- 
tric analyses could account for the results. 


Effect of Lactation upon Thyroid Secretion Rate in the Rat.* 


Dr. Lambertsen informs us, however, that in 
subsequent unpublished experiments using the 
same technics at 2 atm. he was unable to de- 
tect a significant increase in A-a Oy. difference. 
The possibility remains, therefore, that the 
original measurements were correct. 


Summary. In supine, anesthetized dogs 
breathing 100% Oz, the alveolar-arterial O 
difference is unaltered when ambient pressure 
is increased from 1 to 2.5 atm. The results 
can be explained in terms of constant admix- 
ture of systemic venous blood with fully oxy- 
genated pulmonary capillary blood. It is 
likely, but not proven, that previous estimates 
of arterial Oy pressure at high barometric 
pressures are too low. 
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The role of thyroid gland hormone in influ- 
encing lactation has been derived primarily 
from observing the effects of hypo- and hyper- 
activity of the gland upon milk production. 
Few data, however, have appeared in regard 
to whether thyroid function is altered at this 
time. There is some evidence thyroid hor- 
mone output may increase during lactation in 
the cow(1), ewe(2), goat(3) and mouse(4), 
but not in the rat(5). As the latter investiga- 
tion was conducted during the last third of 


*. Contribution from Mo. Agr. Exp. Sta., Journal 
Series No. 1905. Approved by the Director. 
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lactation it seemed of interest to reinvestigate, 
by use of modern radiobiological technics, 
thyroid hormone secretion in the rat during 
the period of intense lactation. 

Materials and Methods. Adult primiparous 
female rats of the Sprague-Dawley-Rolfs- 
meyer strain weighing 260-300 g were kept 
under conditions of uniform temperature (78 
+1°F) in a room artificially illuminated 
during normal daylight hours for 6 weeks 
prior to experiments. Some were bred with 
male rats of the same strain during this time. 
Each of 16 litters born within 36 hours of 
each other was reduced to 6 young shortly 


518 LACTATION AND THYROID SECRETION RATE 


after birth and, on the 4th day postpartum, 
each mother was injected i.p. with 2 pc car- 
rier-free I'81, Twenty nonlactating rats were 
similarly injected at the same time. Forty- 
eight hours were allowed for fixation of I)*? 
by the thyroid and for urinary excretion of 
excess isotope. External thyroid counts were 
taken at this time and at 48-hour intervals 
thereafter by first anesthetizing each animal 
with ether, then placing it on a lead plate with 
its thyroid region over a scintillation probe. 
Preliminary experiments were conducted with 
10 non-lactating rats to determine rate of 
thyroidal I'*' release and to determine the 
position which resulted in maximal counts. 
Efforts were made to insure placement of ani- 
mals in that position during each counting 
period. Measurements of thyroidal radio- 
activity were made with a scintillation 
counter, Nuclear-Chicago (N.C.) Model DS 
5, connected to a pulse height analyzer (N.C. 
Model 1810) which, in turn, was connected 
to a rate meter (N.C. Model 1620A). Con- 
ventional corrections were made for radio- 
active decay and background. Eight lactating 
and 10 non-lactating rats were injected subc. 
with .5 »g/100 g, a similar number with 1 
ug/100 g L-thyroxine, for 2 consecutive days 
commencing 4 days after injection of I'*! (8th 
day postpartum for lactating animals). The 
thyroxine dose was increased twice at 1 pg/ 
100 g increments so each rat received 3 differ- 
ent levels of L-thyroxine (.5-1.5-2.5 or 1-2-3 
pg/100 g), each level for 2 consecutive days. 
A thyroid count was taken on the day of each 
increase and the last count was obtained 24 
hours after last injection of thyroxine (14th 
day postpartum). Thyroid secretion rate 
(TSR) was determined by plotting percent- 
age of the previous count with thyroxine 
dose. The dose which prevented further thy- 
roidal I'*' output in each rat (95-100% of 
previous count) was estimated as its TSR. 
Results. In a preliminary experiment in- 
volving 10 non-lactating rats, the biological 
half-life of thyroidal I'! was 4 days indicat- 
ing that thyroidal I'*' release rate was rapid 
enough for accurate TSR determination. 
Thyroidal I'*! output of non-lactating rats 
was totally blocked in all cases with 2 or 2.5 
vg/100 g L-thyroxine, The average TSR for 


those receiving .5-1.5-2.5 wg/100 g levels was 
1.4 »g/100 g, for those receiving 1-2-3 »g/100 
g, 1.3 wg/100 g. The aggregate average for 
20 rats was 1.3 pg/100 g L-thyroxine. Thy- 
roidal 1/31 output of all lactating rats injected 
with 1-2-3 »g/100 g was blocked. However, 
thyroidal I'*! output of only 5 of 8 injected 
with .5-1.5-2.5 »g/100 g was inhibited. Ex- 
trapolation to 100% of previous count indi- 
cated 3 »g/100 g was necessary for total thy- 
roidal blockade in the remaining 3 rats. 
Average TSR of 16 lactating rats of 2.2 yg/ 
100 g L-thyroxine was significantly greater 
(P > .001) than for non-lactating rats of the 
same strain, age and weight range. Fig. 1 
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FIG. 1. Frequency distribution of thyroxine secre- 
tion rates for lactating and non-lactating rats. 


indicates individual variance in TSR. A 
typical distribution pattern resulted for non- 
lactating rats. While a wider range in indi- 
vidual TSR is evident for lactating rats, a 
definite overall increase is apparent. 


Discussion. Several investigators have es- 
timated thyroid hormone output by adminis- 
tering varying doses of thyroxine to experi- 
mental animals and measuring by radioiodine 
technics, subsequent suppression of thyroidal 
I! output(2,6-9). Inhibition of thyroid 
hormone output can be explained by the sup- 
pressing effect of thyroxine upon thyrotropic 
hormone release, high doses having the same 
effect as hypophysectomy(10). In employ- 
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ing these technics we were able totally to 
block thyroidal I'*! output when thyroxine 
was administered in doses equivalent to their 
TSR. Unpublished observations indicate a 
small iodine turnover occurs in rats if thy- 
roxine is injected daily for long periods of 
time at levels equal to their TSR. These 
observations are in accord with those of oth- 
ers(9). In the present study, the biological 
half-life of thyroidal I‘*! retention was 4 days, 
similar to that previously reported for normal 
rats and mice(11,12). The average TSR for 
non-lactating rats of 1.3 ug/100 g L-thyroxine 
obtained under our conditions is considerably 
lower than the estimates of 2.21-2.56 and 2.8 
ug/100 g L-thyroxine reported by others(9, 
13) with the use of similar technics. Our 
mean value, however, is very similar to the 
estimate of 1.4-1.75 ug/100 g L-thyroxine ob- 
tained by Monroe and Turner(5) using goitro- 
gen technics and analyses of thyroid weights. 
It is possible, of course, strain differences and 
different laboratory conditions are reflected, 
to some extent, in thyroid secretion rates and 
thus account, in part, for these variations. 
During mid-lactation we found the average 
TSR was increased 70% over non-lactating 
animals of the same strain and similar in age 
and body weight. A similar increase in thy- 
roid hormone output has been found in the 
lactating ewe(2). These data are in accord 
with the general concept that a hyperthyroid 
state is generally desirable for optimal milk 
secretion(14). However, in a previous study 
(5), no difference was found by the use of 
goitrogenic techniques between lactating and 
non-lactating rats. As these data were ob- 
tained during the last third of lactation, at 
which time nursling young are eating solid 
food in addition to milk, the observed TSR 
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may have been an indication of diminishing 
thyroid activity as lactation waned. 


Summary. 1) Thyroid hormone secretion 
rate (TSR) was determined in lactating and 
non-lactating rats by administration of graded 
levels of L-thyroxine and measuring by radio- 
iodine technics, subsequent suppression of 
thyroidal I'*! output. 2) The average TSR 
of 2.2 wg/100 g L-thyroxine for lactating rats 
during the period of intense lactation (8-14 
days postpartum) was significantly greater 
than the average of 1.3 yg/100 g for non- 
lactating rats of the same strain, age and 
weight range. These data are in accord with 
the concept that a hyperthyroid state is gen- 
erally desirable for optimal milk secretion. 
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Cushing’s Syndrome. IV. Urinary 17-Ketosteroids in Patients with Adrenal 


Cortical Tumors.* 
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This report presents a study of urinary 17- 
ketosteroid excretion in patients with Cush- 
ing’s syndrome due to adrenal cortical neo- 
plasms. A similar study of urinary 17-keto- 
steroids in Cushing’s syndrome associated 
with bilateral adrenal cortical hyperplasia has 
been carried out(1). Comparison of the keto- 
steroid pattern in the 2 groups of patients in- 
dicates that there are a number of similarities 
between them, and that the pattern of 17- 
ketosteroid excretion is not always sufficiently 
characteristic to permit a distinction between 
adrenal carcinoma and adrenal hyperplasia. 

Materials and methods. In each of 5 pa- 
tients, the diagnosis of adrenal cortical tumor 
was proved surgically. Four patients with 
typical clinical features of Cushing’s syn- 
drome and having varying degrees of virilism 
had unilateral malignant adrenal cortical neo- 
plasms. In 3 cases there were gross metastas- 
es and in one patient there was histologic evi- 
dence of blood vessel invasion. One patient 
(Lev., a 6-month-old boy) showed hyper- 
trophy of the opposite adrenal rather than the 
atrophy usually observed. One additional 
patient, a 41-year-old white woman, had 
classical Cushing’s syndrome without. virili- 
zation. The tumor found at operation was 
a benign adenoma by microscopic criteria. 
Atrophy of the adrenal not involved by tumor 
was suggested by signs and symptoms of 
adrenal insufficiency following surgical re- 
moval of the adenoma. Pertinent clinical 
and laboratory data are presented in Table I. 
Urinary and plasma steroids were determined 
by established methods(2-4). The abnormal- 
ly high values found supported the diagnosis 
of Cushing’s syndrome(4). Twenty-four hour 
urine specimens were subjected to acid and 
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beta-glucuronidase hydrolysis(5). After ex- 
traction, 17-ketosteroids were fractionated on 
alumina(6), and quantitated by the methods 
of Holtorff and Koch(2) and Bitman, e¢ al. 
(7). Steroids in the individual chromato- 
graphic peaks were identified by infrared spec- 
troscopy. Appropriate corrections were made 
for differences in chromogenicity of the vari- 
ous steroids(8). 


Results. 1. Adrenal cortical carcinoma. 
Values for total identified 17-ketosteroids were 
elevated in all 4 patients (Table 1). Two of 
these 4 patients showed abnormally large pro- 
portions of 11-oxygenated 17-ketosteroids 
(Sca., Lev., Table I). All 4 exhibited in- 
crease in absolute quantity of 11-oxy-17-keto- 
steroids. In 3 of the 4 subjects, 11-beta-OH- 
androsterone was increased to the greatest 
degree (Lev., Sca., Low.). 


Three of the 4 patients showed increase in 
absolute amount of 11-deoxy-17-ketosteroids 
(all but Sca., Table 1). In the alpha fraction, 
all patients had a marked predominance of 
etiocholanolone over androsterone. No an- 
drosterone could be detected in patient Gra., 
and only trace amounts were found in Lev. 
and Sca. In normal subjects, these 2 steroids 
are generally excreted in about equal pro- 
portions (1,9). A high ratio of urinary etio- 
cholanolone to androsterone was also reported 
by Gallagher in 3 patients with adrenal corti- 
cal carcinoma(10). 

Only 2 of the 4 patients showed increased 
excretion of beta-ketosteroids (Gra. and Low., 
Table I). The increase in dehydroisoandro- 
sterone was striking in only one of these two 
(Low.). 

2. Adrenal cortical adenoma. Patient Cor. 
(Table I) excreted 3.0 mg/day of identified 
17-ketosteroids, a quantity slightly below the 


lower limit of normal for females of this age 


(1). Forbes and Albright reported low urin- 
ary 17-ketosteroid values in patients with 
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oe atthe : 3 ; , 
TABLE I. Clinical and Laboratory Data of Patients with Cushing’s Syndrome Due to Adrenal Cortical 
Tumor. Urinary 17-ks values given in mg/24 hr unless otherwise indicated, 
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BU) fexcy GMO) aii yl (SE) aN 
s Total S Total 
3 ‘ea 11-deoxy-17-ks eee 5° 3 11-oxy-17-ks 
; z= 3 ; Sao) S53 
Pathologie = o = alee 0 ce he Ngee q 
Name Age Sex diagnosis Bs Sd < & So eo ee < Ss 
Levy. “% @ Carcinoma 24 18 a5 28 CSN pli 9.8 an ae 
Sea. 36 Q “ 11.5 31 11.5 31 13.6 fees) 4.2 25.1 69 
Gra. 37 2 10.3 38 20.4 76 4.1 2.2 6.3 24 
Low. 20 Q id 31.7 24 101.7 78 15.5 5.8 6.9 28.2 22 
Cor. 41 Q@ Adenoma 2 1.8 1.0 3.0 100 
Normal range 2A —— 3./= 67— 0.6 0.2 0.2 1.4— 9— 
10.9 14.9 91 3.5 0.9 1.2 5.6 33 


* Porter-Silber chromogen following beta-glucuronidase hydrolysis. 
+ Normal 17-ks values derived from Ref. (1). Methods same as in present study. 


Cushing’s syndrome due to benign adrenal 
cortical adenoma(11). The 11-oxygenated 
17-ketosteroids, 11 beta~-OH-androsterone, 11 
beta-OH-etiocholanolone, and 11-ketoetiocho- 
lanolone were the only compounds identified, 
and the sum of the values for these 3 made up 
the total. 


Discussion. Adrenal cortical adenoma. It 
is not possible to explain why the major C19 
metabolites of hydrocortisone(12) were not 
greatly elevated in a patient with overt Cush- 
ing’s syndrome and high urinary and plasma 
17-OH-corticosteroid levels (Table I). The 
17-ketosteroid pattern found in patient Cor. 
differs from that observed in 7 patients with 
Cushing’s syndrome and _ bilateral adrenal 
hyperplasia(1), and is similar to what would 
be expected if the adrenal adenoma were se- 
creting only hydrocortisone(12). The vali- 
dity of such an assumption and the question 
of whether or not this excretory pattern is 
typical of adenomata in general must await 
study of more patients with this rare lesion. 


Adrenal cortical carcinoma. The absolute 
amount of 11-oxygenated 17-ketosteroids was 
increased in all 4 patients, as was the case in 
all of 7 patients with Cushing’s syndrome and 
adrenal hyperplasia(1), and as would be ex- 
pected in consequence of excessive adrenal 
secretion of hydrocortisone(12). The abso- 
lute quantity of 11-deoxy-17-ketosteroids was 
elevated in 3 of the 4 patients (all but Sca., 
Table I) with adrenal carcinoma; this group 
of 17-ketosteroids was increased in only one 
of 7 patients with adrenal hyperplasia(1). 

The finding in each of the 4 patients with 
adrenal carcinoma of more etiocholanolone 
than androsterone was also a constant obser- 
vation in the patients with adrenal hyper- 
plasia(1). The possible role of Reichstein’s 
Substance S_ (11-deoxy-17-hydroxy-corticos- 
terone) as an adrenal secretory precursor 
of etiocholanolone is suggested by the follow- 
ing 2 observations: 1) administration of this 
steroid gives rise to greater urinary excretion 
of etiocholanolone than of androsterone(13, 
14); and 2) tetrahydro S, a metabolic product 
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of Substance S has been identified in patients 
with Cushing’s syndrome due to adrenal car- 
cinoma(15,16). In fact, tetrahydro S was 
found in urine of one patient under study 
(Sca.)(15). It should be emphasized that 
a relationship between Substance S and the 
abnormal etiocholanolone:androsterone ratios 
observed in these patients remains to be 
proved. 

One surprising observation was failure to 
find consistent, marked increases in excretion 
of dehydroisoandrosterone, a steroid which 
has often been found in very large amounts 
in urine of patients with adrenal carcinoma 
(17). Only patient Low. excreted dehydro- 
isoandrosterone in large quantity. One of 7 
patients with Cushing’s syndrome and adren- 
al hyperplasia excreted 14 mg of dehydroiso- 
androsterone/day, a value 8 times as great as 
the average daily quantity of this steroid 
excreted by normal subjects(1). 


Summary. In 5 patients with Cushing’s 
syndrome due to adrenal cortical tumors, 
urinary 17-ketosteroids were fractionated by 
column chromatography and identified by in- 
frared spectroscopy. The findings were: 1. 
One patient with benign adrenal cortical ade- 
noma had a low value of total urinary 17- 
ketosteroids. The only steroids identified 
were 1l-oxygenated 17-ketosteroids. 2. Four 
patients with adrenal cortical carcinoma 
showed elevated urine 17-ketosteroid levels. 
All 4 had absolute increases in the quantity of 
11-oxy-17-ketosteroids. All showed increases 
in ratio of etiocholanolone to androsterone. 
Only one showed a marked increase in amount 
of dehydroisoandrosterone. 3. Certain simi- 
larities to and differences from the 17-keto- 
steroid pattern of patients with Cushing’s syn- 


CuUSHING’s SYNDROME 


drome due to bilateral adrenal hyperplasia are 
pointed out. It is suggested that the urinary 
17-ketosteroid excretion pattern in patients 
with Cushing’s syndrome due to adrenal car- 
cinoma may not always be sufficiently charac- 
teristic to point to a diagnosis of tumor as 
opposed to hyperplasia of the adrenal cortex. 


1. Jailer, J. W., Vande Wiele, R., Christy, N. P., 
Lieberman, S., J. Clin. Invest., accepted for publica- 
tion. 

2. Holtorff, A. F., Koch, F. C., J. Biol. Chem., 1940, 
Vil S Se ouie 

3. Wallace, E: Z:, Christy, N. P., Jailer, J. W.,, 7: 
Clin. Endocrinol. and Metab., 1955, v15, 1073. 

4. Christy, N. P., Longson, D., Jailer, J. W., Am. 
J. Med., 1957, v23, 910. 

5. Lieberman, S., Mond, B., Smyles, E., Recent 
Progress in Hormone Research, 1954, v9, 113. 

6. Lakshmanan, T. K., Lieberman, S., Arch. Bio- 
chem. and Biophys., 1954, v53, 258. 

7. Bitman, J., Rosselet, J.-P., Reddy, A. deM., Lieb- 
erman, S., J. Biol. Chem., 1957, v225, 39. 

8. Wilson, H., Fed. Proc., 1950, v9, 246. 

9. Kappas, A., Dobriner, K., Gallagher, T. F., 
J. Clin. Invest., 1955, v34, 1559. 

10. Gallagher, T. F., Cancer Research, 1957, v17, 
520. 

11. Forbes, A. P., Albright, F., J. Clin. Endocrinol., 
1951, v1l, 926. 

12. Burstein, S., Savard, K., Dorfman, R. I., En- 
docrinol., 1953, v53, 88. 

13. Birke, G., Acta Endocrinol., 1954, v15, 17. 

14. Birke, G., Plantin, L.-O., ibid., 1954, v15, 61. 

15. Rcsselet, J.-P., Overland, L., Jailer, J. W., 
Lieberman, S., Helvet. Chim. Acta, 1954, v37, 1933. 

16. Touchstone, J. C., Bulaschenko, H., Richard- 
son, E. M., Dohan, F. C., J. Clin. Endocrinol. and 
Metab., 1957, v17, 250. 

17. Mason, H. L., Engstrom, W. W., Physiol. Rev., 
1950, v30, 321. 


Received September 4, 1958. P.S.E.B.M., 1958, v99. 


523 


Timed Excretion of 5-Hydroxy Indoleacetic Acid after Oral Administration 


of Bananas and 5-Hydroxytryptamine. 


(24406) 


Cuartes E. Lewis (Introduced by David W. Fassett) 


Kettering Laboratory, University of Cincinnati 


Recent investigators(1,2) have reported 
the presence of relatively high concentrations 
of 5-hydroxytryptamine (5-HT), or serotonin, 
in pulp and peel of bananas. The increased 
excretion in urine of the major metabolite of 
S-HT, 5-Hydroxyindoleacetic acid (5-HIAA), 
following ingestion of bananas has some clini- 
cal significance. Proper evaluation of abnor- 
mally high values for 5-HIAA in human 
urine, as determined either by a quick screen- 
ing procedure(3) or a quantitative method 
(4), requires consideration of the subjects’ 
dietary intake during a period preceding the 
collection of urine samples. Failure to con- 
sider this factor will lead to confusion in the 
(laboratory) diagnosis of malignant carcinoid 
tumors(5). Duration of the influence of in- 
gested 5-HT on 5-HIAA excretion has not 
been defined. The factors determining degree 
and duration of the effect of banana (or 5- 
HT) ingestion include rate of absorption from 
the gastrointestinal tract, rate of deamination 
of 5-HT by monoamine oxidase, and subse- 
quent excretion of 5-HIAA. There is reason 
to believe that both rate of conversion of 5- 
HT and renal clearance of 5-HIAA are quite 
rapid(6). With regard to absorption of 5-HT 
from the gastrointestinal tract, Page(7) states 
that ‘nothing is known.” For this reason, an 
attempt was made to define the period during 
which the level of 5-HIAA in urine may be 
elevated following a single dietary exposure 
to 5-HT. 

Methods. 1. Three adult healthy male 
subjects were fed between 300-500 g of ba- 
nana pulp in less than 30 minutes, approxi- 
mately 3 hours after the breakfast meal. A 
16-hour urine sample was obtained just prior 
to ingestion of the bananas. Following this, 
urine samples were collected every 2 hours for 
a total of 8 hours. A second 16-hour urine 
sample was then obtained. The volume of 
each urine sample was recorded and an ali- 
quot used for determination(4) of the quan- 
tity of 5-HIAA present. Urines were kept 


frozen during the delay between collection 
and analysis, which was in the order of 24-72 
hours for each experiment. 2. Time-excretion 
curves of 5-HIAA in the same 3 subjects were 
determined following ingestion of a known 
quantity of 5-HT. To facilitate comparison, 
an oral dosage of 10,000 pg of 5-HT (21.9 
mg of 5-HT-creatinine sulfate)* was admin- 
istered. This was dissolved in 100 ml of dis- 
tilled water and consumed over a 10-minute 
period. Solutions were made up just prior 
to use. Urine collections and analyses were 
carried out exactly as before except that the 
fourth collection period was 3 instead of 2 
hours. 3. Daily fluctuation in 5-HIAA ex- 
cretion was studied in these 3 subjects. Other 
than elimination of bananas from the diet one 
day before and during the period of urine 
collection, no dietary restrictions were im- 
posed. An initial overnight control sample 
and urine from 4 collection periods of 3 hours 
each were handled as previously described. 

Results. Fig. 1 shows time-excretion rela- 
tionships of 5-HIAA following banana pulp 
for all 3 individuals. (Subjects 1 and 2 con- 
sumed bananas from the same stalk. The 
fruit fed to Subject 3 was obtained at a later 
date.) A rough estimate of total 5-HT in- 
gested was calculated using the average value 
of 28 wg of 5-HT/g of pulp as reported by 
Waalkes et al.(2). 

An approximation of the increase in total 
5-HIAA excreted in the first 8 hours after in- 
gestion of bananas was obtained by subtract- 
ing the average quantity of 5-HIAA/hour in 
the control period from the hourly excretion 
rates after bananas. 

Table I presents data for subjects, as to 
quantity of pulp consumed, estimated total 
5-HT intake, total 5-HIAA excretion (above 
‘“normal”), and also expressed as estimated 
percent of 5-HT ingested appearing in urine 
as its metabolite during an initial 8-hour 
period. 

“* Provided by Abbott Laboratories, 


TOTAL ug. SHIAA 


500} é 2 
<x x—-—x 3 
< 400 ; 5 
aE 
uy) ° 
~~ 300 
D phan cd 
raf se ie. 
yp 200F x sae - 
O 
= ; 
—L. ——_—_—__1. —— —L ——$$__t 
7PM-7AM_ |IOAM |PM 4PM 7PM 
FIG. 1. Excretion patterns of 5 HIAA after 
bananas. 
FIG. 2. Excretion patterns of 5 HIAA after oral 


administration of 10 mg 5-HT. 
FIG. 3. Daily fluctuation in excretion of 5 HIAA. 


Fig. 2 illustrates time-excretion curves of 
5-HIAA seen after oral administration of 10,- 
000 pg of 5-HT. Subject 2 inadvertently 
forgot the elimination of bananas from the 


Timep ExcreTION OF 5-Hyproxy INDOLEACETIC ACID 


TABLE I. Metabolism of 5-HT Consumed in Ba- 
nana Pulp. 


Subject 
1 2 3 
G pulp consumed 414 380 361 
Total 5-HT intake,mg 11,592 10,640 10,108 
(estimate ) 
Total 5-HIAA exeretion 6,130 7,950 7,020 
(iner.), mg, 8 hr 
% metabolized and ex- 48.7 68.0 64.4 


ereted in 8 hr 


diet and consumed a banana cream custard at 
7 p.m. on day of experiment. This is respon- 
sible for the secondary rise in 5-HIAA excre- 
tion seen in the last sample. Table II sum- 
marizes data on total excretion of 5-HIAA 
and percentage of 5-HT metabolized and 
eliminated in 8 hours (actual collection was 
9 hours). 

Fig. 3 shows daily variation in excretion 
of 5-HIAA under ‘normal’ conditions. 

Discussion. Considering first the result of 
5-HT oral administration, on the basis of this 
limited study, 5-HT is absorbed very rapidly 
from the upper gastrointestinal tract. In the 
fasting state, absorption is essentially com- 
plete. This is based upon previous studies (6, 
8) indicating that conversion of 5-HT to 
5-HIAA accounts for the major pathway of 
the metabolism of 5-HT. In all 3 subjects 
total increase in 5-HIAA excreted in 8 hours 
equals about 60-70% of the ingested 5-HT. 
Excretion curves also support the very high 
renal clearance of 5-HIAA seen in animals(6). 


Similarity in excretory patterns after ba- 
nana and 5-HT ingestion suggests that the 
serotonin present in banana pulp is rapidly 
available for absorption. The effect of con- 
suming bananas on 5-HIAA levels in urine 
should be minimal about 8 hours after in- 
gestion. . 


TABLE II. Metabolism of Orally Administered 


OFS 


Subject 


il 2 3 
Total 5-HT intake, mg 10,000 10,000 10,000 
Total 5-HIAA exeretion 6,656 7,980 7,800 
(Giner.), mg, 8 hr : Sos 
% metabolized and ex- - 61,2 73.4 12.5 


ereted in.8 hr 


ee 
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Merapsoric Actposis IN ALLIGATOR 


The only symptom recorded by the partici- 
pants was mild abdominal cramping shortly 
after consuming the 5-HT solution in Subject 
1. 


While the basic “normal” level of 5-HIAA 
varied in the subjects, all exhibited its in- 
crease in the post-prandial urine specimens, 
especially those collected after morning and 
evening meals. The source of this increase 
is not known. 


Summary. Absorption of 5-HT, including 
that present in banana pulp, is quite rapid 
and fairly complete. Conversion to 5-HIAA 
and renal excretion of this metabolite are ac- 
complished without delay. In evaluating ab- 
normally high levels of 5-HIAA in human 
urine the dietary history is of some signifi- 
cance. Urines obtained more than 8 hours 


Metabolic Acidosis in the Alligator.* 
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after ingestion of bananas should show little 
influence of exogenous 5-HT administration. 
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THoMAS HERNANDEZ AND ROLAND A. COULSON 
Dept. of Biochemistry, Louisiana State University School of Medicine, New Orleans 


In the course of experiments to determine 
the effect of epinephrine on carbohydrate me- 
tabolism in the alligator(1), it was noted that 
the quantity of lactic acid produced by glyco- 
lysis often exceeded the extracellular bicarbo- 
nate reserves available to neutralize it. Al- 
though one might expect the alligator to ex- 
perience acidotic coma, blood pH was often 
only slightly below normal. It was evident 
that some accessory mechanism for neutraliz- 
ing organic acids must have been available to 
prevent a fatal acidemia. Development of a 
severe lactic acidosis does not occur in the 
mammal because lactate is metabolized almost 
as fast as it is produced. In contrast the alli- 
gator is placed in a precarious state by a com- 
bination of a rapid rate of muscle glycogen 
breakdown combined with a slow rate of lac- 
tate utilization(1). This phenomenon pro- 
vided a unique opportunity to study the com- 
pensatory mechanisms employed by an animal 
made acutely acidotic by its own tissues and 


* This investigation was supported in part by re- 
search grant from N.1.H. 


not by injected salts or inorganic acids. 


Methods. For this study 50 alligators 
weighing from ™% to 3 kg were injected intra- 
muscularly with USP epinephrine in doses of 
1 mg/kg. Blood and urine specimens were 
collected at intervals and were analyzed by 
methods previously described(1,2). Since 
theophylline exerts many similar effects to 
those resulting from epinephrine(3), several 
alligators were also injected with this com- 
pound. 


Results. Paradoxically, the better the nutri- 
tional state of an alligator, the greater the 
danger from epinephrine or theophylline in- 
duced acidosis. In alligators with ample mus- 
cle glycogen stores the lactate rise was great, 
but in those in poor condition the response 
was less. In those animals whose plasma lac- 
tate increased by 20 mEq/1 or more or whose 
blood pH fell below 6.8, one in 10 died. 


Fig. 1 shows average plasma changes fol- 
lowing injection of 1 mg of epinephrine/kg in- 
to 5 well nourished alligators. Numerically 
the lactate rise exceeded the bicarbonate fall 


526 Meraporic AcIpOsIs IN ALLIGATOR 


+30 


ME/L Change 
After Epinephrine 


au 
° 


-20 


Time Oh. 2h. 35 h. Sh. 8h 24h. 
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FIG. 1. Effect of epinephrine on plasma electrolytes. 
Osmotic pressure (O.P.) expressed in milliosmoles/1 
and glucose in millimoles/l. Avg of 5 alligators. 


by a factor which was about equal to the Na 
rise. This sodium was removed from a source 
or sources outside the extracellular fluid and 
was then available to compensate for the lac- 
tate rise. None of the other cations increased 
enough to be of any great importance. The 
effect of 25 mg/kg of theophylline (a sym- 
pathomimetic drug(3) in the alligator), was 
less marked than that of epinephrine. 

Discussion. Swan and Pitts(4) studied the 
buffering mechanisms involved following ad- 
ministration of HCl to the dog. They ob- 
served an increase in extracellular Na and K 
which was presumably contributed by the 
cells and solid structures. Plasma K concen- 
tration in metabolic acidosis in the alligator 
was decreased by about 50%. The reason 
for this difference in the 2 experiments is un- 
explained. 

Several experiments established the fact 
that lactate was freely diffusible in the body 
fluids of the alligator and that chloride was 
restricted to the same volume of fluid as thio- 
cyanate and glucose(1,5). In view of these 
findings, the observation that plasma chloride 
was not affected by epinephrine makes it im- 
probable that any major shift of water oc- 
curred between cells and extracellular fluid. 

The following represents a possible se- 
quence of events in the intracellular buffering 
mechanism. In lactate acidemia the increased 
H* within the muscle cells reduces the total 
anions contributed by protein which makes 
K*t, Mg*+ and Na* available to balance the 
lactate. In similar fashion, the falling pH 
also decreases the milliequivalents of phos- 


phate on the anion side with a consequent re- 
lease of cations. Of the intracellular cations 
made available, only Na is permitted to cross 
the membrane into the extracellular fluid in 
measurable quantities. The intracellular 
buffering of lactic acid is insufficient for the 
task and some free acid reaches the extracellu- 
lar fluid. With the metabolic removal of lac- 
tic acid the interior of the cells becomes less 
acid and a reversal of the above process oc- 
curs. 

The naturally low filtration rate coupled 
with an innate inability to concentrate urine 
was responsible for the failure of alligators to 
excrete much lactic acid. In the first 5 hours 
less than 1% of the lactic acid produced was 
excreted in the urine. Under the conditions of 
these experiments the alligators may be con- 
sidered to have been ‘‘nephrectomized.” 

Rate of disappearance of lactate from blood 
was about 30 mEq/kilo/day. Upon burning 
the lactate, sodium was again made available 
to restore the sodium bicarbonate level of the 
plasma to normal. A prolonged hypergly- 
cemia resulting from breakdown of liver gly- 
cogen was responsible for failure of the plas- 
ma osmotic pressure to return to normal with- 
in the 24 hour period required for reestablish- 
ment of the control electrolyte pattern. 


Summary. Sympathomimetic agents pro- 
duce a severe lactate acidemia in the alligator. 
Although the lactate concentration often ex- 
ceeded the initial alkali reserve, over 90% 
survived by withdrawing sodium from sources 
outside the extracellular fluid. The extra- 
cellular osmotic pressure rose sharply during 
the acute acidotic phase and fell when the 
lactate was metabolized. There was no evi- 
dence that K contributed to the defense 
against this acidemia. 
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Inhibition of Aspergillus niger Growth by m-Dinitrobenzene and its 


Reversal by Amino Acids.* 


(24408) 


Epwin S. Hiccrins (Introduced by L. D. Abbott, Jr.) 
Dept. of Biochemistry, Medical College of Virginia, Richmond 


The toxic effect of 2,4-dinitrophenol on liv- 
ing systems appears to result at least in part 
from uncoupling of oxidative phosphorylation 
with consequential depression of energy utili- 
zation for biosynthetic reactions. However, 
the mechanism of toxicity has not been eluci- 
dated. It has recently been reported that 
growth inhibiting effect of 2,4-dinitrophenol 
on Escherichia coli could be counteracted by 
an amino acid mixture similar in composition 
to that obtained from an acid hydrolyzate of 
cow’s liver(1). It was suggested that this 
antagonism was similar to that existing be- 
tween a protein-derived “antithyrotoxic factor 
of liver” and the thyroid stress produced by 
2,4-dinitrophenol, desiccated thyroid powder, 
or iodinated protein. In the present study on 
effect of various organic nitro compounds 
upon microorganisms we have found that m- 
dinitrobenzene (DNB) is an effective growth 
inhibitor of molds and that this inhibition can 
be reversed by various amino acid mixtures. 
Further, we found that under appropriate 
conditions nitroaryl compounds may be re- 
duced by Aspergillus niger to corresponding 
arylamines which appear to be relatively non- 
toxic to the mold. Certain properties and re- 
quirements of the reductive enzyme system 
are described. 

Methods. For growth studies, surface cul- 
tures of A. niger (Mulder strain)(2) were 
grown in 250 or 500 ml Erlenmeyer flasks 
containing 50 ml of a medium composed of 
(per liter): 50 g glucose, 2.65 g NH,Cl, 2.5 g 
KH»2PO,, 1 g MgSO,* 7H2O0, 20 mg FeCls° 
6H2O, 20 mg ZnSO,°7H20, 3 mg MnSO,° 
4H.O, 1 mg CuSO, * 5H2O, and HCl to pH 2. 
After inoculating with A. niger spores and in- 
cubating at 27-30°C for 5 days, the mycelial 
felts were harvested, washed, dried at 80°C 
overnight and weighed. Jn vitro studies on 


* Presented before Am. Soc. Biol. Chem., Phila- 
delphia, Apr. 1958. Supported by grants from Nat. 
Inst. of Allergy and Infect. Dis., N.I.H., P.H.S., and 
A. D. Williams Fund, Med. College of Va. 


enzymic reduction of nitro compounds by 
A. niger preparations were conducted as de- 
scribed previously(3). The side arm of the 
Thunberg tube contained 0.5 pmole reduced 
diphosphopyridine nucleotide (DPNH) and 
the body of the tube contained 1.5 p»moles of 
nitroaryl substrate, 0.1 mmole tris(hydroxy- 
methyl)aminomethane buffer, pH 7.8 and 0.5 
ml enzyme in final volume of 2.5 ml. Re- 
action time was 30 minutes at 37.5°C. 


Results. A series of 25 compounds repre- 
senting nitrobenzoic acids, nitrophenols, nitro- 
anilines, nitrobenzimidazoles, nitro analogs of 
pyrimidines, aminobenzoic acids, p-nitroben- 
zenesulfonamide, and DNB were all tested 
for their toxicity against microorganisms. 
The sensitivities of 14 common_ bacteria, 
yeasts and molds to nitro compounds were 
assayed by means of the disc type sensitivity 
test on Trypticase soy agar. Only DNB was 
effective, and this only on molds (3 strains of 
Aspergillus and unidentified strains of Penicil- 
lium, Alternaria and Hormodendron). There 
was no growth inhibition of any of the 6 
strains of bacteria (Aerobacter aerogenes, 
Staphylococcus aureus, Escherichia coli, Pro- 
teus vulgaris, Pseudomonas aeruginosa and 
the spore former Bacillus globigii). Likewise, 
there was no inhibition of yeasts, represented 
by unidentified species of Saccharomyces and 
Oidium. Thus inhibition by DNB is appar- 
ently selective and may be restricted to molds. 
All subsequent studies were conducted with 
A. niger as test organism. 

Growth of A. niger in liquid culture me- 
dium was prevented completely by concentra- 
tions of DNB as low as 2.5 & 10° M, but at 
levels of 2.5 < 10° M or lower, mycelial dry 
weights matched those of controls. 2,4- 
Dinitrophenol was about as effective as DNB 
as a growth inhibitor in the liquid medium. 
At levels as high as 2.5 X 10% M only the 
nitrobenzoic acids, m-nitroaniline, and 2,6- 
dinitrophenol showed inhibitions of the order 
of 90% or more. All other compounds tested 
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FIG. 1. Growth curves of A. niger. ©, Growth nor- 

mally occurring in DNB-free cultures at hours indi- 

cated. @, Growth obtained after 120 hr when DNB 

(2.5 X 10° M) is added to growing cultures at hours 
indicated. 


were without effect at this latter level. 

Although growth was prevented by 2.5 
10° M DNB in the culture medium, if DNB 
was added at any time after 30 hours’ incu- 
bation, inhibition was not complete and fur- 
ther growth occurred (Fig. 1). The later 
DNB was added in the growth period, the 
less effective it was as an inhibitor. Occa- 
sional mycelial growths of about 1-2 mm size 
which developed when DNB was added before 
30 hours, were viable and grew out normally 
when transferred to sterile DNB-free me- 
dium. Thus DNB has static rather than cidal 
properties. Preparations from A. niger are 
capable of reducing organic nitro compounds 
to the corresponding amines(3) and a similar 
reduction appeared to occur in vivo. When 
DNB was added to growing cultures after 30 
hours, up to 35% of the administered dose 
could be measured as the nontoxic m-nitro- 
aniline by diazotization and coupling assay 
(4). 

Enzymic reduction of nitroaryl compounds 
to arylamines might represent a method of 
detoxication for the mold and therefore the 
nature of the reducing system was investi- 
gated further. A. niger was grown and a 
KsHPOy, extract of the mycelium was pre- 
pared as described previously(3) except that 
NH,Cl (2.65 g/l) was substituted as the sole 
nitrogen source in the culture medium. The 
20,000 & g supernatant of this extract was 
subjected to ammonium sulfate fractionation, 


and the protein collected between 30 and 60% 
saturation with ammonium sulfate was dia- 
lyzed against 0.1 M KHCO; which contained 
10° M cysteine. This preparation repre- 
sented 30% of the DNB-reducing activity of 
the original homogenate at a 3-fold purifica- 
tion (based on protein). About 2% of activ- 
ity was lost after 2 weeks at —20°C. Inacti- 
vation was rapid at 57°C. 

Rate of DNB reduction at the pH optimum 
of 7.8 was linear over the first 30 minutes 
with protein concentrations up to 10 mg/ 
Thunberg tube. The 2 pyridine nucleotides 
were equally effective as electron donors but 
neither succinate, xanthine, cysteine nor 
glutathione would serve in this capacity. 

The 12 to 85% inhibition of DNB reduc- 
tion produced by 5 & 10% to 5 10+ M 
p-chloromercuribenzoate was reversed com- 
pletely by 10° M cysteine. Cysteine, gluta- 
thione, diethylaminoethanethiol and thiomalic 
acid all increased the rate of nitro reduction 
by some way other than by nonspecific chemi- 
cal reduction of nitroso or hydroxylamino 
intermediates. The system was strongly in- 
hibited by a series of 8 common metal binding 
agents and by atabrine. Although ferrous 
ions and flavin nucleotides were previously 
implicated in the reduction of nitro groups by 
A. niger(3), the purity of these enzyme prepa- 
rations was inadequate to establish cofactor 
requirements with certainty. 


Attempts were made to reverse the growth 
inhibition produced by DNB in vivo by utiliz- 
ing information obtained on the nitro-reduc- 
ing enzyme system. The culture medium was 
supplemented with: (a) cysteine and other 
thiols, (b) mixtures of the known vitamins, 
and (c) all the trace minerals suspected of 
being essential to 4. niger(5). None of these 
factors, alone or in combination, were capable 
of counteracting DNB inhibition. However, 
it was possible to reverse the growth depres- 
sion produced by various levels of DNB by 
adding an appropriate amount of any of sev- 
eral commercial casein hydrolyzates to the 
culture flasks (Table I). Additional hydroly- 
sis of the commercial preparations with HCl 
or H:SO, produced no decrement in. their 
ability to reverse the DNB inhibition, and 
isonitrogenous amounts of amino acid mix- 
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TABLE I. Inhibition of A. niger Growth by DNB 


and Its Reversal by Casein Hydrolyzate.* 


Casein hydrolyzate added (mg) t 


DNB content 0 100 200 300 
0 857 948 970 1071 
1.0 X 10° 683 911 967 1001 
2.0 + 22 613 958 1045 
3.0 s 0 32 653 968 
4.0 ; 0 0 27 316 


*mg dry wt of mycelium. 
+t Panereatie digest of casein, U.S.P., Difco. 


tures were equally effective in this regard 
(Table II). In each case, the inhibition pro- 
duced by DNB in the basal medium was re- 
versed by the added amino acid mixtures 
(column 3). It was not necessary that the 
mixtures be constituted to approximate the 
relative amino acid composition of casein(6). 
Levels of DNB which essentially prevented 
growth in the basal medium also depressed 
growth somewhat in the various amino acid- 
containing media. Growth of A. miger was 
also prevented by DNB when KNOsz served 
as the nitrogen source. (The ammonium me- 
dium supports better growth than the nitrate 
medium(2).) Levels of NH;Cl as high as 
20-fold that in the basal medium (the highest 
level tested) were incapable of affecting DNB 
inhibition; reversal appeared to be dependent 
on amino acid nitrogen. 

Discussion. The nature of the DNB- 
reducing system in A. niger remains obscure. 
It does not involve an adaptive enzyme as is 
the case in reduction and utilization of in- 
organic nitrate, nitrite and hydroxylamine 
(7). Also, DNB-reducing preparations have 
been found to be free of pyridine nucleotide- 
linked cytochrome c reductase activity, and 
they show no other activity which would 
readily relate them to known metalloflavo- 
proteins. It is problematical whether reduc- 
tion of organic nitro groups occurs primarily 
as a protective mechanism or if detoxication 
is merely incidental to the nitroaryl com- 
pounds serving as nonspecific electron accep- 
tors for certain pyridine nucleotide-coupled 
enzymes. It is an interesting coincidence that 
the nitro compound most readily reduced by 
A. niger—DNB—is also the most’ toxic im 
vivo. The observation is reminiscent of a 
similar relationship between £. coli and chlor- 


amphenicol since the nitro group of the latter 
compound is also readily reduced by a metal- 
loflavoprotein from the sensitive organism (8). 
Several strains of bacteria, all sensitive to 
chloramphenicol, are able to reduce the drug 
to the arylamino form and thus destroy its 
bacteriostatic properties (9). 

It seems possible that addition of DNB to 
A. niger cultures may result in interference 
with oxidative phosphorylations by a mecha- 
nism similar to the known action of 2,4-di- 
nitrophenol. Hence if the inhibitor were 
added to new cultures growth would be pre- 
vented, but in older cultures the very low 
level of DNB used might only partially de- 
press growth (Fig. 1). It could be postu- 
lated that in the older cultures amino acids 
are being synthesized at a rate adequate for 
formation of detoxifying (i.e. nitro-reducing) 
enzymes, while in the new cultures preformed 
amino acids are capable of counteracting the 
DNB effect by the same mechanism. A sec- 
ond explanation, based on the in vivo experi- 
ments, would require that DNB in some man- 
ner interferes with incorporation of ammo- 
nium nitrogen in amino acid synthesis and 
such a block is readily overcome by supplying 


TABLE II. Effect of DNB on A. niger Growth in 
Various Media.* 


NH,*-free 
Basal medium mediumt 
Additions§ +DNBt +DNBt 
None 961 <20 
Casein hydrol. A 1252 1096 1080 816 
B 1216 1005 1050 850 
C1221 1009 1058 856 
Amino acid I 1266 oe 1114 901 
mixture II 1186 1155 1096 855 
KNO, 610 0 


*mg dry wt of mycelium. 

+ Same as basal medium (Methods) except NU,- 
Cl omitted. 

+2.5 * 10° final concentration. 

§ 34.7 mg N of each. This is equivalent to N con- 
tent of basal medium. 

Casein hydrolyzates: A, pancreatic digest of ca- 
sein, U.S.P.; B, same as A but treated with 6 N 
H.SO, at 100°C for 8 hr. H,SO, removed with Ba- 
(OH).. Neutral solution concentrated under re- 
duced pressure; C, same as A but treated with 6 N 
HCl at 100°C for 8 hr. HCl removed by vacuum 
(distillation. Solution neutralized with KOH. 

Amino acid mixtures: I, same as relative amino 
acid composition of easein(6); II, equal weights 
of all amino acids occurring in casein. 
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preformed amino acids. These postulations 
are being investigated. 

Summary. 1) A. niger growth was pre- 
vented when DNB at a final concentration of 
2.5 < 10° M was added to the culture mé& 
dium at any time up to 30 hours’ incubation. 
When DNB was added at any time later, 
some additional growth occurred. The DNB 
effect appeared to be limited to molds and was 
static rather than cidal. 2) Growth inhibi- 
tion by DNB was overcome by synthetic 
mixtures of amino acids, but not by ammo- 
nium nitrogen, vitamins or minerals. 3) Ni- 
troaryl compounds can be reduced to rela- 
tively nontoxic arylamines by a sulfhydryl- 
dependent, pyridine nucleotide-linked enzyme 
from A. niger. 4) The possible significance 
of these findings is discussed. 
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(Introduced by Edward A. Doisy) 


Dept. of Biochemistry, St. Louis University School of Medicine, St. Louis, Mo. 


The female sex hormones occur in urine 
not only in free form but also as glucuronides 
and sulfates which are hydrolyzed to the free 
compounds before quantitative measurement. 
Due to production of artifacts by acid hydro- 
lysis, milder methods of enzymatic hydrolysis 
have been introduced. The sulfates are hy- 
drolyzed by phenolsulfatase which was dis- 
covered by Neuberg and Kurono(1). Distri- 
bution and properties of the enzyme have 
been reviewed by Fromageot(2,3). After Ab- 
bott(4) pointed out that the most active fun- 
gal source of phenolsulfatase is Mylase P,+ 
Cohen and Bates(5,6) used this commercial 
product for hydrolysis of urinary estrogen sul- 
fates. Subsequently Katzman and associates 


* Taken in part from dissertation presented to 
Graduate School in partial fulfillment of require- 
ments for Degree of Doctor of Philosophy. 

+ Walter Karr Fellow under auspices of Smith, 
Kline & Fren¢h Labs., Philadelphia, Pa., 1951-1956. 
Present address, Biochemistry Section, Smith, Kline 
& French Labs., Philadelphia, Pa. 

t Wallerstein Co., N. Y. 


(7) found that this preparation would hydro- 
lyze estrone sulfate quantitatively. Since 
Mylase P is a mixture of fungal enzymes and 
no intensive purification of fungal phenolsul- 
fatase has been reported, we have undertaken 
the preparation of this enzyme from Mylase 
P. In these studies fractionations with eth- 
anol, zone electrophoresis on cellulose, and 
treatment with aluminum hydroxide gel were 
used to purify the enzyme. 

Materials and methods. Starting material. 
The same lot of Mylase P was used during 
these studies. Its specific activity remained 
unchanged upon storage for one year at 5°C. 
Analysis for protein (Lowry ef al., 8) gave 
12%, reducing sugars expressed as lactose(9, 
10) 42%. Determination of phenolsulfatase. 
The procedure of Huggins and Smith(11) was 
used for determination of the activity of the 
enzyme. Potassium p-nitrophenylsulfate was 
synthesized by a modification of the pro- 
cedure of Burkhardt and Wood(12). The 
substrate (0.005 M) in a solution of 0.1 M 
sodium acetate to which a few drops of CHCl, 
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had been added was stable for as long as 7 
months at 5°C. A solution of 3 ml of 0.5 M 
acetate buffer pH 5.8, 1 ml of solution of the 
enzyme, and 1 ml of solution of the substrate 
was incubated for 30 minutes at 37.5°C. 
Reaction was stopped by addition of 5 ml of 
1.0 N NaOH solution. The absorbance of the 
basic solution was measured at 420 mp, and 
corrected for absorbance of an appropriate 
blank containing only reagents. The release 
of 20 ug or less of p-nitrophenol resulted in a 
direct relationship between concentration of 
the enzyme and liberated p-nitrophenol. For 
convenience during this work, that amount of 
enzyme which would release 10 yg of p-nitro- 
phenol in 30 minutes was designated as 1 unit 
of phenolsulfatase activity. Jndex of purity. 
Specific activity (S.A.) is the number of units 
of enzyme per mg of protein. Purification 
procedures. All purification procedures ex- 
cept fractionations with ethanol were per- 
formed in a cold room at 5°C. Extraction of 
Mylase P. Phenolsulfatase was _ brought 
into solution by extracting 1 weight (g) of 
Mylase P with 2.5 volumes (ml) of distilled 
water for 1 hour. The insoluble residue was 
collected by centrifugation at 830 x g for 10 
minutes and washed twice with small volumes 
of distilled water. Supernatant and wash so- 
lutions were combined and diluted with dis- 
tilled water to give a 3% concentration of 
protein (pH 5.5-6.0). Fractionations with 
ethanol. Solutions of the enzyme were trans- 
ferred to a cold room (—15°C); an equal 
volume of 47.5% ethanol (—15°C) was added 
according to the general procedure of Cohn 
et al.(13). Then 95% ethanol (—15°C) was 
added in order to attain the final concentra- 
tion of ethanol. All concentrations of ethanol 
are reported in per cent by volume. Inert 
material was precipitated from the aqueous 
extract Mylase P by addition of ethanol to 
a concentration of 38%. After 1% hour the 
precipitate was collected by suction filtration 
through Celite 545 filter aid’ in chilled 
(15°C) apparatus and washed with small 
portions of chilled 38% ethanol. Filtrate and 
washings were combined and diluted with 
38% ethanol to give a 1% concentration of 
protein. The solution was chilled and the 
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enzyme precipitated by adjusting concentra- 
tion of ethanol to 52%. After 1 hour the 
supernatant liquid was decanted and the pre- 
cipitate collected by centrifugation in chilled 
(—15°C) cups at 830 x g for 10 minutes. 
The precipitate was dissolved in 0.025 M ace- 
tate buffer pH 5.0 and concentration of pro- 
tein adjusted to 3%. The enzyme was pre- 
cipitated again by addition of ethanol to a 
concentration of 29%. After 1 hour the pre- 
cipitate was collected by centrifugation at 
—15°C for % hour at 1,100 x g, dissolved in 
0.025 M acetate buffer pH 5.0, and adjusted 
to a concentration of protein of 1%. Phenol- 
sulfatase of this solution was then precipitated 
in the same manner as the preceding precipi- 
tation at pH 5.0. The precipitate was dis- 
solved in 0.025 M barbital buffer pH 8.5 and 
dialyzed against the same buffer overnight. 
The impermeate was diluted with this buffer 
to the desired concentration of protein and 
used for electrophoresis on blocks of cellulose. 
Paper electrophoresis. 0.05 ml of a buffered 
solution of the enzyme containing 2.2 to 4.8 
mg of protein were applied to the center of a 
57 x 11.5 cm strip of Whatman 3 MM filter 
paper mounted in a plastic paper electro- 
phoresis apparatus.|| Electrophoresis was 
then conducted under the desired conditions. 
At termination of migration the paper was cut 
into 1 cm sections, and each was eluted with 
distilled water. Clear supernatant solutions 
obtained after centrifugation of the suspended 
filter paper were used for determination of en- 
zyme and protein. Electrophoresis on blocks 
of cellulose. Each block of cellulose was 
prepared from 200 g of Whatman Standard 
Grade B Quality Cellulose Powder for Chrom- 
atography which had been washed with 0.025 
M barbital buffer pH 8.5, resuspended in this 
buffer, and placed in a 40 x 8 x 1 cm plastic 
tray. Five blocks were used simultaneously 
for the product obtained from 300 g of My- 
lase P. The trays were connected with the 
buffer compartments by 12 x 8 cm strips of 
Whatman No. | filter paper. Then 7 ml of 
the above solution of the enzyme in 0.025 M 
barbital buffer pH 8.5 and containing 200 mg 
of protein were incorporated into each of the 


|| Paper Electrophoresis Apparatus Model 1400, Re- 
search Specialties Co., Berkeley, Calif. 
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TABLE 1. Preparation of Partially Purified Phenolsulfatase. 
Recovery 
Totalmg Totalactivity Specific % of orig- 
Fraction protein of enzyme activity inal enzyme 
Mylase P 36,000 210,000 5.8 100 
Aqueous extract 29,180 202,000 6.9 96 
First ethanol ppt. 10,150 176,400 17, 84 
Second ” Fe “Gojlat G0) 3,300 134,500 41 64 
Wary Magh(G Pane oo) 1,900 119,800 63 57 
Impermeate from dialysis of barbital solu- 1,600 119,800 7d 57 
tion (pH 8.5) of third ethanol ppt. 
Combined eluates from electrophoresis on 600 92,500 154 44 
blocks of cellulose 
Eluates from Al(OH), gel 110 51,200 465 24 
Impermeate from dialysis of ethanol ppt. 84 45,700 544 22 
from eluates of Al(OH), gel 
Lyophilized product 65 26,600 410 13 


central and —15 cm sections of the blocks ac- 
cording to the procedure of Kunkel and Slater 
(14). Electrophoresis was allowed to proceed 
for 18 hours at 12.5 v/cm and 9-11 ma. Then 
1 cm segments of the blocks were removed 
and eluted with distilled water. The cellulose 
was collected by centrifugation and the clear 
supernatant solutions were used for determi- 
nation of enzyme and protein. Those frac- 
tions having a specific activity greater than 
the product subjected to electrophoresis were 
combined for further purification by adsorp- 
tion. Adsorption on aluminum hydroxide gel. 
Al(OH); gel was prepared according to the 
procedure of Marshall and Welker(15). Ali- 
quots of the suspended gel were dried to con- 
stant weight at 110°C, weight 17 mg/ml. 
Combined eluates from the blocks of cellulose 
were diluted to 3 liters with distilled water 
(final pH 8.0), adjusted to pH 5.4 by the 
addition of 60 ml of 0.1 M acetate buffer pH 
5.0, and adsorbed on 0.4 ml of gel (dry weight 
6.8 mg) per 10 mg of protein for 15 minutes. 
The gel was collected by centrifugation and 
washed twice with small portions of distilled 
water. Foreign protein was eluted by re- 
suspending the gel in 2 ml of M/90 Sorensen 
phosphate buffer pH 6.6(16) per 10 mg of 
adsorbed protein 2 times followed by washing 
once with a small volume of distilled water. 
Supernatant and wash solutions were dis- 
carded. Phenolsulfatase was eluted from the 
gel with 1.5 ml of 0.1 M K2HPO, solution per 
10 mg of adsorbed protein; the elution was 
repeated twice. The eluates were combined, 


frozen, and kept overnight at —15°C. The 
solution was thawed and the enzyme precipi- 
tated by ethanol at a final concentration of 
59%. After 1 hour the precipitate was col- 
lected by centrifugation at —15°C for 1% hour 
at 1,100 x g, dissolved in a minimum volume 
of distilled water, and dialyzed against dis- 
t lled water for 4 hours. Lyophilization. Lyo- 
philization was conducted in the conventional 
manner while the sample of the enzyme was 
immersed in a bath of salt and ice. 

Results. The results of application of the 
above methods are given in Table I. During 
the work all fractions including those which 
were discarded were analyzed for phenolsulfa- 
tase. Total activity at each step showed that 
no significant destruction of the enzyme had 
occurred. Phenolsulfatase was completely 
extracted from Mylase P with distilled water. 
During the process 26% of the inert solids 
of the preparation were eliminated. The ex- 
tract, however, contained practically all of the 
initial protein (S.A. 6.9). Subsequent frac- 
tionations of the enzyme with ethanol resulted 
in a product which was suitable for electro- 
phoresis on blocks of cellulose (S.A. 63). A 
similar product which was dialyzed briefly 
against distilled water contained less than 1% 
of the reducing sugars and 11% of the solids 
of Mylase P. 

Pilot paper electrophoresis experiments 
were performed with the enzyme to determine 
the most suitable conditions for purification 
on a large scale. During these studies the 
enzyme in 0.025 M acetate buffer migrated 
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Distribution of enzyme (©) and protein 


FIG. 1. 
(@) after electrophoresis. Distances from origin 
(QO) are indicated on abscissae in cm of migration 
toward the ancde or —cm toward the cathode. Typi- 
cal results after preparative electrophoresis of phenol- 
sulfatase (S.A. 63) on blocks of cellulose powder for 
18 hours at 12.5 v/cm and 9-11 ma in presence of 
0.025 M barbital buffer pH 8.5 at 5°C are shown in 
Fig. 1A. (Distribution of the product applied at —15 
cm is not shown.) Fig. 1B shows results after elec- 
trophoresis of enzyme (S.A. 410) on filter paper for 
20 hours at 5 v/cm and 2-3 ma in presence of 0.02 
M potassium phosphate buffer pH 6.7 at 5°C. 


toward the anode at pH 5.5 and toward the 
cathode at pH 4.5. These data suggest that 
the isoelectric point of phenolsulfatase is in 
the vicinity of pH 5.0, but no corrections were 
made for electroendosmosis. Recovery of 
enzyme was 83-97%; of protein 88-109%. 
The most satisfactory purifications on paper 
strips were achieved in the presence of 0.025 
M barbital buffer pH 8.5. 


Typical results for electrophoresis on blocks 
of cellulose are shown in Fig. 1A. Results 
were similar for the product introduced at 
—15 cm and from block to block. ‘Total re- 
covery of enzyme averaged 92%, and those 
fractions having specific activities greater 
than the product subjected to electrophoresis 
contained 78% of the enzyme. A brown pig- 
ment moved 10 cm toward the anode resulting 
in extensive decolorization of phenolsulfatase. 

Aluminum hydroxide gel was chosen for 
adsorption of phenolsulfatase because it was 
found to adsorb more enzyme than protein 


at pH 4.2-6.1, and more protein than enzyme 
was eluted from the gel with dilute phosphate 
buffers at pH 6.2-6.8. The enzyme was eluted 
from the gel with 0.1 M K.sHPO, solution 
immediately since storage of phenolsulfatase 
in the absorbed state resulted in considerable 
loss of its activity. 


The product obtained from the sequence 
of purification summarized in Table I showed 
a specific activity of 544 and a recovery of 
22% of the original enzyme. Since earlier 
experiments showed that phenolsulfatase 
could be lyophilized without loss of activity 
if the solution of the enzyme was immersed 
in a bath of salt and ice, the product was 
dried in that manner. Considerable inactiva- 
tion occurred during lyophilization; however, 
the resultant product (S.A. 410) weighing 127 
mg was stored under desiccation in the dark 
at 5°C. A small portion of the product which 
was reserved for study of its stability lost no 
activity during storage for 11 days, but 22% 
inactivation occurred within 9 weeks. 

Two samples of the dried product were sub- 
jected to electrophoresis on paper strips for 
20 and 31 hours, respectively, in the presence 
of 0.02 M potassium phosphate buffer pH 6.7. 
The voltage gradient was 5 v/cm, and the 
current 2-3 ma. Specific activities of the frac- 
tions containing maximum enzymatic activity 
were 1310 and 1360, respectively. In both 
experiments the distribution of protein ex- 
hibited 3 maxima whereas the enzyme showed 
only a single maximum. The sum of the 
phenolsulfatase of those fractions analyzed 
for the enzyme was 86% of the product ap- 
plied to the paper. Results after migration 
for 20 hours are shown in Fig. 1B. The eluate 
containing enzyme (S.A. 1310) was stable to 
freezing overnight at —15°C, but refreezing 
and storage for 6 days at —15°C resulted in 
23% inactivation. 

Owing to the marked variation in compo- 
sition of the starting material, some difficulty 
was encountered with products of lower con- 
centration of enzyme. Three lots of Mylase 
P received from the manufacturer contained 
only half as much phenolsulfatase activity as 
the material used during these studies. At- 
tempts to prepare enzyme of high activity 
(S.A. 544) from the less active starting ma- 
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terial, and to avoid the loss incurred during 
lyophilization by immediately subjecting the 
product to electrophoresis on blocks of cellu- 
lose were not successful in the limited time 
for exploration of these points. 


Discussion. Although the activities of the 
final products were approximately 230 times 
that of Mylase P on the basis of purification 
of protein, the activities were approximately 
1900 times that of Mylase P on a gravimetric 
basis since the starting material contained 
only 12% protein. In spite of these extensive 
purifications, the results indicate that fungal 
phenolsulfatase was not pure by the criterion 
of paper electrophoresis at pH 6.7. The re- 
tention of most of the enzymatic activity dur- 
ing electrophoresis, however, suggests that 
electrophoresis on blocks of cellulose might 
be suitable for further purification of larger 
amounts of the enzyme. 


Summary. Fungal phenolsulfatase of Myl- 
ase P was purified by fractionations with 
ethanol, zone electrophoresis on cellulose, and 
treatment with aluminum hydroxide gel. Re- 
lated to the activity of the original Mylase P 
the enzyme was purified approximately 1900 
times. On the basis of purification of the 
protein of Mylase P approximately 230-fold 
purifications were achieved. 
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Investigations were carried out on biosyn- 
thesis of cholesterol from C™ labelled sodium 
acetate, in human leukemic blood, and an ap- 
parently high rate of synthesis was observed 
in blood from patients suffering from myelo- 
genous leukemia (unpublished data). Keep- 
ing this in mind, an attempt was made to find 
a good source of the enzyme system responsi- 
ble for biosynthesis of cholesterol in blood. 
Hence, blood samples from different animals 
like rat, rabbit, pig, piglet, calf and cow were 


* Aided by research grants from Damon Runyon 
Fund and Nat. Cancer Inst. 


tried. Results with calf blood seem to be 
very encouraging. 

Materials and methods. Blood samples 
from cows, calves and pigs were procured 
from local slaughter houses. Calf blood was 
taken from very young animals, 3 to 5 years 
old. Five calf blood samples were analyzed 
in 2 separate sets of 3 and 2 each. Adult 
cows and pigs, Sprague-Dawley strain adult 
male rats (300-400 g weight), and New Zea- 
land strain adult male rabbits (6 lb weight) 
were used for their respective blood samples. 
Blood samples from rats, rabbits and piglets 
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TABLE I. Incorporation of C™ Labelled Sodium Acetate into Cholesterol in Animal Blood. 
aoaowoaowonaweooo—ss<$S@$OSsS@OPDOOnM@@@SaROO0O lS —eewwooOo oo 


—_— Counts/mg/min, of ——————_—__, 
. Cholesterol Digitonide Cholesterol 
J Free choles- Fatty from mother from dibromo 

Animal Sample Sex _ terol, mg % acids digitonide liquor derivative 
Calf 1 Q 74 2198 2520 5454 1396 

2 Q 110 110387 999 1250 435 

3 S 75 5072 1671 2641 723 

4 é 121 16849 1056 1556 433 

5 é 92 6269 1181 2095 409 
Cow 1 Q 104 26 100 109 41 

2 Q 105 45 145 112 70 

3 ce) 71 1166 110 226 45 
Pig 1 Q 190 3115 323 8280 209 

2 Q 164 1698 651 4055 175 

3 3 185 3821 486 977 324 
Piglet 1 2 128 947 90 477 50 

2 3 108 412 129 237 65 
Rabbit 1 3 73 423 120 451 45 

2 s 124 230 285 336 39 

3 3 62 225 45 295 7 
Rat 1 g 112 2204 164 1163 59 

2 3 123 1368 52 792 25 

3 3 102 1054 61 1027 19 

Control experiments (heat denatured blood) 

Cow Q 51 nil nil 4 nil 
Rat 3 75 15 nil 5 nil 


were taken by heart puncture of the animals 
while under light ether anesthesia. The rat 
blood sample (40 ml) for incubation was 
made up by pooling blood from 5 rats. Piglet 
blood samples were taken from very young 
animals, 7 days old, and weighing about 7 lbs. 
Forty ml of citrated blood sample was oxy- 
genated for 20 minutes, with continuous agi- 
tation, using a mixture of 95% Oz and 5% 
COs. Then it was incubated with 800 units 
penicillin G, 4 mg streptomycin sulfate, and 
16 microcuries C'* labelled sodium ace- 
tate representing 0.185 mg Na acetate, at 37° 
C, for 6 hours. Samples were hydrolyzed for 
16 hours with potassium hydroxide (30% by 
weight final concentration) and alcohol (one- 
fifth volume). The hydrolysates were acidi- 
fied with concentrated hydrochloric acid, and 
extracted with 2 volumes of pentane-ether 
mixture (1:1) 3 times. The extract was 
washed with water, and the fatty acids sepa- 
rated by washing the pentane-ether extract 
with 10% KOH 3 times. The pentane-ether 
extract was washed with water till it was free 
of alkali, and was then evaporated to dryness. 
The cholesterol from this dry residue was 
obtained by precipitating it with digitonin, 


and splitting the digitonide as described by 
Schoenheimer and Dam(1). The cholesterol 
from digitonide was purified by dibromo 
method as described by Fieser(2). KOH 
washings containing fatty acids were acidified 
and extracted with pentane. For radioactive 
count on samples, the dry residues were dis- 
solved in chloroform, and aliquots (contain- 
ing about 1 mg) were put in the form of a 
very thin film on aluminum planchets, 
counted in a flow gas Geiger-Muller Counter. 
Free cholesterol values were obtained by 
working up an aliquot of the blood sample by 
the Sperry-Webb method(3). The red blood 
cells and white blood cells were counted as 
described by Kolmer and Boerner(4). Blood 
smears were also made for the differential 
white cell count. ; 

Results. From the last column of Table I, 
it is evident that decisively positive incorpora- 
tion of C' labelled acetate into cholesterol 
took place in calf and pig blood samples. 
The incorporation was more in calf blood 
samples than in pig blood samples. Sex of 
animal does not seem to have any influence 
on incorporation of acetate into cholesterol. 
A fairly high count of radioactivity in fatty 
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CURARIZING EFFECT OF NEOMYCIN AND ITS FRACTIONS 


acids in all samples, indicates incorporation 
of radioactive acetate into blood fatty acids, 
regardless of the species. This is observed 
with human blood also (unpublished data). 
In all experiments except one, the radioactive 
count in digitonin cholesterol samples is 
higher than that in dibromo cholesterol sam- 
ples, but is lower than that in digitonide 
mother liquor residues. This is in accordance 
with the observations of Schwenk ef al.(5), 
who described the presence of cholesterol pre- 
cursors in digitonin cholesterol samples and 
also in digitonide mother liquor residues. 

It is very interesting to note that calf 
blood has a very active enzyme system for 
biosynthesis of cholesterol, while this activity 
is markedly decreased as the animal attains 
adulthood, as is evident from the results with 
cow blood. This pattern, however, is not 
observed with pig and piglet blood samples. 
We observed that a positive incorporation of 
acetate into cholesterol takes place in human 
myelogenous leukemic blood (unpublished 
data). Since leukemia is a disease of leuko- 
cytes, it was thought worthwhile to investi- 
gate the differential white cell pattern in 
blood of these species of animals (Table IT). 
These observations, however, do not help in 
explaining the chemical findings, since total 
and the differential leukocyte counts of calf 
and pig blood samples, in which positive in- 
corporation of acetate into cholesterol was 
observed, did not differ significantly or regu- 
larly from those of others. A very low radio- 
active count in cholesterol synthesized by 
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rats, rabbits, piglets and cows as compared to 
complete lack of radioactivity in cholesterol 
in control experiments carried out with heat 
denatured cow and rat blood samples (Table 
I), indicates existence of the enzyme system 
responsible for biosynthesis of cholesterol 
from acetate in blood of these animals. De- 
cisive incorporation of acetate into cholesterol 
in calf and pig blood samples strengthens the 
evidence in support of the existence of the 
enzyme system responsible for biosynthesis of 
cholesterol from acetate, in animal blood. 


Summary. A study of biosynthesis of cho- 
lesterol in vitro from radioactive acetate in 
animal blood was undertaken. Degree of in- 
corporation of acetate into cholesterol was 
higher in calf blood than in pig blood samples. 
Cholesterol synthesized in rat, rabbit, cow, 
and piglet blood samples had comparatively 
a very low radioactivity. 


The authors wish to thank Mr. Samuel Shulman 
and Mrs. Gail Rosser for technical assistance, and 
Misses Anne Merrill and Jane Zaleska for help in 
hematology. 
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It is well known that drugs show multi- 
plicity of action in clinical use. Neomycin, 
reported by Waksman(1) as effective antibi- 
otic agent against streptomycin-resistant bac- 
teria, can produce prolonged postoperative 

* Grateful acknowledgement is made to Upjohn 
Co., Kalamazoo, Mich., for supplies of Neomycin 
fractions A, B and C. 


hypopnea or apnea when administered intra- 
peritoneally in man(2-9). An attempt was 
made in this study to determine the mechan- 
ism of this respiratory depression and whether 
neomycin or its fractions A. (Neamine), B 
and C possesses a curare-like action. 
Methods. 67 adult frogs were employed. 
In vivo sciatic nerve-gastrocnemius muscle 
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FIG. 1. The relationship of dose of Neomycin and 

its fractions in producing neuro-muscular blockade 

in the frog. Hach symbol (X © @ +) represents 
100% inhibition in time indicated. 


preparation was prepared under ether or ur- 
ethane anesthesia. Galvanic “make” and 
“break” stimuli, as well as tetanic stimuli 
with faradic induction coil, stimulated the 
moist neuromuscular preparations. Muscle 
contractions were recorded on revolving ky- 
mographic drum. Three control observations 
were made prior to introduction of the vari- 
ous substances into the dorsal lymph sac. 
Action of following substances was studied: 
(1) d-tubocurarine, in doses from 0.4 to 4 
ug/g of body weight; (2) commercial neo- 
mycin, 20 to 120 ng/g; (3) neomycin fraction 
A (Neamine) 100 to 300 pg/g; (4) neomycin 
fraction B, 20 to 120 pg/g; (5) neomycin 
fraction C, 60 to 160 pg/g; (6) neostigmine 
0.1 pg/g and edrophonium 2 pg/g of body 
weight. Commercial neomycin is a mixture 
of fractions B and C, where fraction B pre- 
dominates. Current literature indicates that 
neamine has no antibiotic activity(10). 


Results. A nerve-blocking curare-like ac- 
tion by neomycin, neomycin fractions A (Nea- 
mine), B and C was observed in every in- 
stance. A graded response was noted with 
neomycin or its fraction when minimal doses 
were used. 


It was also observed that commercial neo- 


CURARIZING EFFECT OF NEOMYCIN AND ITS FRACTIONS 


mycin and its fraction B possess the same po- 
tency on a mg/kg basis in producing neuro- 
muscular blockade in the sciatic-gastrocnemius 
preparation. However, neomycin fraction C 
was at least half as potent than whole neo- 
mycin or its fraction B. Fraction A (Nea- 
mine) proved weakest of all (Fig. 1). An 
average dose of 270 pg/g was necessary to 
produce neuromuscular blockade in 10 min- 
utes when neamine was used, in comparison 
with 140 pg/g of fraction C, 60 pg/g of 
fraction B, and 50 ug/g of commercial neo- 
mycin under same experimental conditions. 


Neuromuscular blocking action of d-tubo- 
curarine, neomycin and neomycin fractions 
B and C was effectively antagonized by neo- 
stigmine and edrophonium, while in the block 
produced by fraction A (Neamine), neostig- 
mine and edrophonium did not restore neuro- 
muscular transmission in doses used. 

No appreciable difference in blockade by 
neomycin or its fractions B and C was ob- 
served when frogs were anesthetized with 
either ether or urethane. 


Summary. Commercial neomycin and its 
fractions A, B and C possess a curarimimetic 
action as found when employing sciatic-gas- 
trocnemius preparation of frogs. This action 
is more pronounced with commercial neomy- 
cin and fraction B than with fractions A (Nea- 
mine) and C. The blockade induced by neo- 
mycin, fraction B and C, but not by fraction 
A, was effectively antagonized with neostig- 
mine or edrophonium in proper doses. Ether 
anesthesia did not potentiate this action in 
the frog when neomycin or its fractions B and 
C were used. 
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The role of yolk proteins in development 
of amphibian embryo has been investigated 
by several workers(1,2). These studies have 
revealed the important role of phosphopro- 
teins as a source of both amino acids and 
phosphorus for the growing organism. The 
isotopic and serological experiments of Flick- 
inger and Rounds(3) carried out with the 
hen indicated that phosphoprotein is synthe- 
sized mainly in liver and is transported to the 
ovary by way of blood stream. It was there- 
fore considered of interest to investigate 
whether a similar mechanism is operative in 
the case of the frog. The present investiga- 
tion, carried out with the aid of radioactive 
phosphorus, provides evidence in favour of 
such an assumption, and demonstrates be- 
sides, the presence of a metabolically active 
phosphopeptide, utilization of which might 
represent an important step in biosynthesis 
of phosphoprotein. 

Materials and methods. Two normal adult 
female frogs of similar size and age (Rani 
esculenta) were each given intraperitoneal in- 
jection of 100 pc of radioactive phosphorus as 
sterilized orthophosphate in isotonic saline at 
pH 7.0. This isotope was purchased from 
Radiochemical Centre, Amersham, U.K. One 
frog was killed at end of 6 hours, the other 
at end of 24 hours. Liver and ovary were 
removed immediately after sacrifice, and were 
homogenized in the cold with 10% trichloro- 
acetic acid in a Potter-Elvehjem type of ho- 
mogenizer. The various phosphorus-contain- 
ing fragments of the tissues were separated 
according to procedure of Schneider(4) as 


* Post-doctoral National Research Fellow, Minis- 
try of Education, Govt. of India. 


modified by Friedkin and Lehninger(5). The 
acid-insoluble fraction, after exhaustive extrac- 
tion for lipids, was dried and the phospho- 
protein phosphorus estimated according to the 
method of Schmidt and Davidson(6). Phos- 
phorus estimations in the various fractions 
were carried out according to the method of 
Fiske and Subbarow(7). For radioactivity 
measurements, suitable aliquots of the solu- 
tion were evaporated to dryness in a planchet 
and were counted at infinite thinness in a thin 
end-window Geiger tube (window weight 2.1 
mg/cm”) coupled to a Panax counting equip- 
ment (Panax Equipment, Mitcham, Surrey, 
U.K). 

Results. The results of studies on distribu- 
tion of radioactive phosphorus in the various 
fractions of liver and ovary of frog are given 
in Table I. The results indicate that in the 
phosphoprotein fraction of liver, there is a 
very high rate of renewal of phosphorus. 
This observation is similar to the finding of 
earlier workers(8,9). Specific activity of this 
fraction is 4-5 times higher than that of phos- 
pholipid fraction. The results also show that 
rates of renewal of phosphorus in the various 
fractions of ovary are generally very low. 

Analysis of acid-soluble organic phosphates 
of liver. The high activity of the acid-soluble 
organic phosphates of liver led to a detailed 
characterization and analysis of this fraction 
for the possible presence of any active com- 
ponent that might be involved in biosynthesis 
of phosphoproteins. For characterization of 
this fraction, the organic phosphates were 
precipitated as barium salts as described(10). 
The free phosphate esters, after removal of 
barium, were subjected to paper strip electro- 
phoresis in barbital-barbiturate buffer (pH 
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TABLE I. Distribution of Radioactive Phosphorus in Various Fractions of Liver and Ovary 
of Rana esculenta. 
EE —————————————————————————————————————ee————ee——————————___ 


r Ovary — ‘Liver—————_, 

Total activity Total activity a 
Urafter of fraction Specific of fraction Specifie 

Fraction inj. (counts/min.) activity* (counts/min.) aetivity* 
Inorganic phosphorus 6 100,000 113.5 800,000 500.0 
24 127,300 130.5 249,300 265.0 
Organie phosphorus 6 10,900 4.6 786,000 142.8 
24 10,400 3.5 102,000 35.8 
Phospholipid 6 1,970 73 98,560 32.2 
24 13,120 4.16 11,200 6.5 
Phosphoprotein 6 2,670 33 27,520 133.3 
24 1,520 231 13,690 41.6 


* Expressed as counts/min./ug phosphorus. 


8.6, ionic strength 0.01). The electrophoretic 
run was conducted for 2 hours at 250 volts at 
room temperature. Spraying the strip with 
a modified ninhydrin reagent(11) revealed 
the presence of 3 ninhydrin positive bands. 
The strip was exposed to an ‘Ilford-Ilfex’ X- 
ray film for 48 hours for detection of radio- 
active bands. 

For further characterization of the active 
band, the electrophoresis was run in 4 strips, 
and with the aid of a guide strip, radioactive 
bands were cut out, eluted with water and 
hydrolysed with 2 N hydrochloric acid at 
110°C for 24 hours in sealed tubes. After 
removal of acid over potassium hydroxide in 
vacuo, the constituent amino acids in the 
hydrolysate were analysed by ascending paper 
chromatography using n-butanol:acetic acid: 
water (4:1:5) as solvent. Authentic samples 
of pure amino acids were run alongside as 
reference spots. The peptide was found to 
contain the amino acids, leucines, valine, pro- 
line, alanine, threonine, serine, glutamic acid 
and phosphoserine. It may be mentioned 
that these amino acids also form the constitu- 
ents of casein phosphopeptone and of the 
naturally occurring phosphopeptides of the 
lactating mammary gland(10). 

Discussion. Unlike the mammary gland of 
lactating animals, where both a high rate of 
renewal of phosphorus of phosphoprotein 
fraction and synthesis of phosphoprotein are 
taking place(11), the ovary of the frog, 
though a store-house of phosphoproteins, re- 
news phosphorus in these proteins at a very 
sluggish rate. The high rate of renewal of 
phosphorus in liver phosphoprotein fraction 


is explained in the observation of Flickinger 
and Rounds(3), who established liver as the 
major site of phosphoprotein synthesis in the 
case of laying hen. Decrease in specific ac- 
tivity of phosphoprotein fraction of liver in 
24 hours can thus be due to a rapid synthesis 
of phosphoprotein in liver, and its subsequent 
transport to the ovary by way of blood 
stream, just as in the case of laying hen. 
But the absence of any significant rise in 
specific activity of ovary phosphoprotein 
fraction at the end of 24 hours is rather sur- 
prising, and it is quite likely that transport 
of phosphoprotein from liver to ovary is a 
slow process in the frog. Incidentally, the 
results presented in Table I are indicative of 
a transport of phospholipids also from liver 
to ovary. 

In keeping with the high rate of turnover 
of phosphorus in the phosphoprotein fraction 
of liver is the high activity of acid-soluble 
organic phosphates (Table I). A major con- 
stituent of this fraction was identified as a 
phosphopeptide, which on hydrolysis, yielded 
the same amino acids as casein phosphopep- 
tone. Failure to detect such phosphorylated 
peptides in acid-soluble organic phosphates of 
mammalian liver, and demonstration of their 
presence in lactating mammary glands(10), 
strongly suggest that the occurrence of such 
peptides may be confined to organs actively 
synthesizing phosphoproteins. Further, the 
close similarity in the amino acid pattern of 
the phosphopeptide of frog liver and mam- 
mary glands of rat appears to corroborate 
Perlmann’s view(12) that certain types of 
amino acid sequences around phosphoserine 
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residue occur in all phosphorus-containing 
proteins. 

Summary. Intraperitoneal administration 
of radioactive phosphorus to Rana esculenta 
resulted in an appreciable incorporation of 
the isotope in the phosphoprotein fraction of 
liver and very much less in the corresponding 
fraction of ovary. The presence, in liver, of 
a metabolically active phosphopeptide, was 
demonstrated. These findings were discussed 
in relation to the site of synthesis of phos- 
phoproteins in the amphibian. 
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WALLACE FRIEDBERGt (Introduced by Norman G. Anderson) 
Biology Division, Oak Ridge National Lab.,t Oak Ridge, Tenn. 


If antigen persistence is essential for long- 
term immunity, we might expect a low rate of 
disappearance of antigen from a tissue with 
high antibody-producing capacity. In experi- 
ments reported herein, rate of disappearance 
of I'*!-labeled tobacco mosaic virus (TMV) 
from spleen, an important site of antibody 
production, was compared with that in liver, 
which produces little or no antibody(1,2). 
Persistence of TMV during cell division was 
also investigated. Metabolism of a viral an- 
tigen was studied because of long-lasting im- 
munity reported for certain virus diseases(3). 
TMV was chosen because, being a plant virus, 
it is unlikely to multiply in an animal host 


*I am indebted to Dr. Irving Rappaport, Dept. 
of Botany, University of California, Los Angeles, 
for a gift of TMV. Helpful discussions with Drs. 
N. G., Anderson, M. A. Kastenbaum, and A. W. 
Kimball and assistance of Mr. R. E. Canning in some 
precedures are also appreciated. 

+ Public Health Service Research Fellow, 
Cancer Inst. 

+ Operated by Union Carbide Nuclear Co. for 
U. S. Atomic Energy Com. 


Nat. 


and complicate study of its localization and 
fate. 

Methods. TMV in the mouse. Labeling 
procedure was a modification of the technic of 
Fine and Seligman(4). To 1 ml of carrier- 
free NaI*#! (5 mc) was added 0.5 ml of a 1: 
100 dilution of a stock solution containing 0.05 
M KI and 0.01 M KIO3;; total iodine equiva- 
lent added, 38 yg. Free iodine was released 
by further addition of 1 drop of 3 M HCl 
and extracted with 2 ml of CCly. The extract 
was then slowly added, with stirring, to a solu- 
tion made by combining 28 mg of TMV in 
5.5 ml of cacodylic acid buffer (~pH 6.9) 
with 15 ml of phosphate buffer (pH 7.5; 
ionic strength 0.2). After 4 minutes, the 
aqueous layer was separated and dialyzed for 
2 days against four 4000-ml volumes of 0.15 
M NaCl. After dialysis and subsequent ex- 
traction with trichloroacetic acid and organic 
solvent(5), the dried TMV precipitate con- 
tained 0.013% iodine. Three-month-old male 
(C57BL x 101)F; mice were each given 0.6 
mg of labeled TMV (5.83 x 10° cpm) via tail 
vein. Reutilization of released I'*! was re- 


At this time, the half life of TMV was about 
30 and 10 days in liver and spleen, respec- 
tively. 

TMV in the rat. To determine whether 
TMV, localized in a cell, is retained during 
cell division, its persistence was compared 
in normal liver of mature rat and regenerat- 
ing liver of partially hepatectomized rat. 
Mitotic activity is low in normal liver and 
high in regenerating liver(6). JIodination was 
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FIG. 1. Radioactivity remaining in liver protein and 

intact spleen after intravenous inj. of I’*'-labeled 

TMV. Upper curve: each point represents protein 

of one liver; 3 points at each interval. Lower curve: 

each of the 3 points for the first interval represents 

one spleen; each of the other points represents avg 
of 3 intact spleens. 


duced by use of 0.003 M KI solution as drink- 
ing water throughout the experiment. Each 
mouse also received a 0.5-ml intraperitoneal 
injection of a 0.03 M KI solution 2-3 hrs 
before the labeled TMV. At appropriate 
times, mice were killed and spleens and livers 
removed. Spleens were not further treated. 
Protein was separated from individual livers 
essentially as described by Walter e¢ al.(5). 
Radioactivity was measured in well-type scin- 
tillation counter and corrections made for 
physical decay of isotope and background. 
Counting error (coefficient of variation) was 
<A4%. 

Results of mouse experiment. Fig. 1 sum- 
marizes studies on radioactivity measurements 
in mouse spleen and liver. In both tissues, 
rate of disappearance (slope) of the labeled 
TMV initially decreased with time and then 
became constant 2 or 3 wks after injection. 


TABLE I. Pooled Liver Lobes 


Right Lateral and Small Caudate 


by the procedure already described except 
that 12 mc of NalI‘*! was used and the TMV 
was suspended in pH 7.5 phosphate buffer of 
ionic strength 0.2. Ten Sprague-Dawley rats 
(280-297 g) were anesthetized and injected 
with 0.4 mg of I'*1-labeled TMV (3.3 x 10° 
cpm) via the saphenous vein. Iodine was 
given in drinking water as in the mouse ex- 
periment, but the rats were started on the 
iodide water 4 days before TMV was injected. 
Nine days after virus injection, the rats (avg 
311 g) were equally divided into 2 groups. 
In one group the median and left lobes of 
liver were removed(7). Seven days later, all 
rats were bled and killed; the blood was com- 
bined with 0.5 ml of 0.1 M versene. Radioac- 
tivity. was measured as described for mice. 
Counting error in this series was < 4% except 
in blood, in which the error was 35%, and 
the butanol extract of liver homogenate, where 
the count was insignificant. Radioactivity of 
blood was determined on 1-ml samples and 
corrected for the small volume of versene pres- 
ent. Measurements were made on untreated 
spleen and thyroid, and also on samples of 
hair (210-360 mg) before and after extraction 
with 10-ml volumes each of acetone, ethanol, 
and acetone. The right lobe of liver was 
homogenized in a volume of 0.14 M NaCl 
equal to its weight, and protein was separated 
in the same manner as mouse liver protein. 


16 Days after Injection of 


[-TMV_in Rats. 


Regenerating 
lobes (5 rats) 


Controllobes (7 days after par- 


(5 rats) tialhepatectomy) % change 
Total wt (mg) Fresh tissue 4,150 + 309 7,600 + 528 +83 
Protein 990+ 61 1,500 + 65 +52 
Total radioactivity (cpm) Based on tissue 29,000 + 1100 27,000 + 4100 = (9) 
Based on protein 26,000 + 1400 21,000 + 3800 -19 


al oe 
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TABLE II. Radioactivity in Tissues and Fractions 16 Days after Injection of [TMV in Rats. 
————————————$—$————————===€"=<««=e__————SEyEyeyEEE=S 


Partially hepatectomized 


Tissue or fraction Control rats (5) rats (5) 
Blood 33 + 4 epm/ml 47 + 6 ¢pm/ml 
Thyroid 345 +31 epm/thyroid 350 +31 epm/thyroid 

’ Before extraction 54 + .8epm/mg 10 + 2 epm/mg 
Hair + After extraction with 50 += 8 We 3.0m ce tf 

acetone & ethanol 
Liver protein from pooled right 26 a ss 14 + 2 4 
lateral and small caudate lobes 

Butanol extract of pooled median 045+ .009 epm extracted 024+ .005 epm extracted 


and left lateral liver lobes 


/mg fresh tissue /mg fresh tissue 


(9 days after inj.) 


Liver homogenate samples (340-610 mg) 
were extracted with 5-ml volumes of m-buta- 
nol. The butanol extract data are presented as 
extracted activity/mg of tissue. 

Results of rat experiment. Increase in liver 
weight (Table I) in partially hepatectomized 
rats is obviously significant in terms of tissue 
and protein. The apparent virus decrease 
based on radioactivity is not statistically sig- 
nificant (p > 0.30) for either tissue or pro- 
tein. 

Data on several tissues and fractions are 
presented in Table II. Blood specific activity 
in relation to specific activity of liver shows 
that radioactivity of liver cannot be accounted 
for by its blood content. In the thyroid gland, 
accumulation of I'*! released from TMV was 
not completely blocked. Trapped TMV might 
account for some activity. Radioactivity was 
not significantly reduced in hair after extrac- 
tion with organic solvents. A similar finding 
was reported by Fleischer and Haurowitz(8). 
Butanol extracts of liver contained no signifi- 
cant amount of radioactivity, indicating that 
the I'*! in this tissue is not in the form of 
loosely bound thyroxine or diiodotyrosine(9). 

Data in Table III show that there is no 
significant increase of spleen weight in rats 
with regenerating liver. But the disappear- 
ance rate of TMV is slightly more rapid from 
the spleen of partially hepatectomized rats. 


The level of statistical significance is such 
that the data indicating increased rate of dis- 
appearance, although very suggestive, are 
not conclusive. In any event, there is at 
most only a small difference in radioactivity 
of the spleen and liver between control and 
partially hepatectomized adult rats. 

Discussion. Rate of disappearance of anti- 
gen during the period immediately after in- 
jection was, in general, consistent with that 
obtained by Libby and Madison(10) with 
P®*-labeled TMV. In our study, however, 
attention was focused principally on antigen 
disappearance rate relatively late after injec- 
tion, when it appeared to be constant, rather 
than during the initial period, when the 
greater part of the antigen was lost rapidly. 
This period was selected on the assumption 
that persistence of antigen is essential for 
lasting immunity. 

During the period of constant disappear- 
ance rate I'!-labeled TMV was metabolized 
more rapidly in spleen than in liver. Persis- 
tence of TMV is therefore not in direct rela- 
tion to the tissue’s antibody-producing capaci- 
ty. However, antigen may be metabolized in 
antibody-producing cells of spleen more slow- 
ly than in tissue as a whole. 

In the regenerating liver, total radioactivity 
was not significantly influenced by increased 
mitotic rate. This can be explained by TMV 


TABLE III. Spleen 16 Days after Injection of I'-TMV in Rats. 


Partially hepatectomized Proba- 
Control rats (5) rats (5) % change bility 
Fresh tissue, wt 830+ 48mg 910+ 55mg + 9.6 .26 
Radioactivity 32,073 +4053 epm/spleen 22,161 +3746 epm/spleen —31 all 
Specifie radioactivity 39+ 38epm/mg 25+ 6 epm/mg —36 ill 
fresh tissue fresh tissue 
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transfer from parent to daughter cells. Some 
loss of virus during mitosis was not ruled out. 
TMV-containing cells may not have divided, 
but this does not seem likely. The role of 
mitosis in TMV metabolism in other tissues 
is only suggested by these data. If iodine is 
transferred from virus to spleen protein, the 
true disappearance rate of the virus in spleen 
is even greater than measured. 

The possibility of deiodination of intact 
virus has not been dismissed. /n vitro experi- 
ments of Tong e¢ al.(11) indicate that liver 
can deiodinate diiodotyrosine, but spleen has 
little or no such ability. The same may be 
true for deiodination of the virus. 

Summary. Rate of disappearance of injec- 
ted I!*!-labeled TMV was more rapid from 
spleen, an important site of antibody produc- 
tion, than from liver, which produces little or 
no antibody. It was concluded, therefore, 
that persistence of the virus is not in direct 
relation to the tissue’s antibody-producing ca- 
pacity. The need for studies at cellular level 
was indicated. In regenerating liver, total 
radioactivity was not significantly influenced 
by increased mitotic rate. This was inter- 


preted as indicating that virus localized in 
liver may be retained during cell division. 
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Synthesis of Glucose-Cyclo-Acetoacetate and Biosynthesis of Ascorbic Acid 


in Germinating Mung Beans (Phaseolus radiatus) .* 


(24414) 


M. C. NatH ann M. L. BELKHODE 
Dept. of Biochemistry, Nagpur University, Nagpur, India 


After Nath e¢ al.(1) reported that aceto- 
acetate accelerates biosynthesis of ascorbic 
acid in rats, it was shown that glucose con- 
densed with acetoacetate, can give rise to 
formation of ascorbic acid in germinating 
legumes (Phaseolus radiatus)(2) and in rats 
(3). An alternative pathway of conversion 
of glucose to ascorbic acid has been suggested 
by Horowitz and King(4) and Isherwood ef 
al.(5) in chloretinised rats and germinating 
seeds respectively. It has been suggested that 
formation of d-glucuronolactone is an inter- 
mediary stage in such transformation. Chel- 


* The authors wish to record their grateful thanks 
to the Council of Scientific & Industrial Research for 
a Research Grant. 


delin and King(6) have, however. put for- 
ward arguments which can detract from the 
overall importance of our scheme. Thanga- 
mani and Sarma(7) recently have shown that 
the yield of radioactive l-ascorbic acid in ger- 
minating mung beans from labelled glucose- 
cyclo-acetoacetate is more than 5 times higher 
than that from labelled glucose. It has, 
therefore, been desirable to see if there is any 
indication of enzymatic synthesis of glucose- 
cyclo-acetoacetate during the process of ger- 
mination. Nath and Sahu(8) have shown 
that glucose occurs in combination with aceto- 
acetate in urine of normal rats thus indicating 
its formation in the living system. We re- 
ported that the condensation product of glu- 


SYNTHESIS OF GLUCOSE-CYCLO-ACETOACETATE IN GERMINATION 


45 
E 
a 
od 
© 
$ 
8 
g a 
2 
3 c 
< B 
a R 
2 
i] 
° 
oO 
a 
= 


Time ‘fn hours. a % 


FIG. 1. Effect of glucose, acetoacetate and glucose- 
cyclo-acetoacetate on the biosynthesis of ascorbic 
acid in Phaseolus radiatus. A—Distilled water. B— 
Glucose (100 mg/10 cc medium). C—Acetoacetate 
(70 mg/10 cc medium). D—Acetoacetate (70 mg) 
+ glucose (100 mg) mixture/10 cc medium. E— 
Glucose cyclo-acetoacetate (100 mg/10 cc). 


cose and acetoacetate when hydrolysed with 
2N HCl yields a reducing sugar(9) which has 
been identified as dienol glucose(10). 
Methods. Mung beans were first surface 
sterilized by washing with 0.1% HgCl» for 
3 minutes, washed under aseptic condition 
with sterile distilled water, then soaked in it 
for 3 hours prior to addition of different 
media. Equal number of seeds were trans- 
ferred to sterile Petri dishes containing differ- 
ent media at pH 7.2. To prevent ascorbic 
acid forming from auto-oxidization during 
germination, potassium metabisulphite (300 
PPM) was added to all media as recom- 
mended by Kendrick and Downer(11). Ger- 
mination proceeded for 72 hours in sterile 
chamber protected against direct sunlight. 
One hundred seedlings were removed of their 
seed coats, then macerated in metaphosphoric- 
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acetic acid mixture and free ascorbic acid was 
estimated from the extract according to the 
method of Bessay and King(12). For glu- 
cose, the same procedure was adopted, except 
that the seeds were thoroughly washed, then 
macerated only in distilled water and estima- 
tion was done according to the method of 
Nelson(13). 


Results. Fig. 1 shows the effect of aceto- 
acetate (sodium salt) with glucose and glu- 
cose-cyclo-acetoacetate on biosynthesis of as- 
corbic acid. Glucose and acetoacetate, pres- 
ent simultaneously in germinating media, 
accelerate biosynthesis to a greater extent 
than either of the 2 added individually. 
Higher value of ascorbic acid is noticed with 
condensation product of glucose and aceto- 
acetate. 


Data in Table I show that values of free 
glucose are much lower than those of 
combined glucose. Values of combined glu- 
cose are highest when both glucose and aceto- 
acetate are added to the germinating medium. 
Amounts of free glucose at all stages are much 
higher when glucose alone is used; but these 
values are reduced considerably while aceto- 
acetate is present in the germinating medium, 
thus establishing the possibility of combina- 
tion of glucose with acetoacetate during ger- 
mination. Some glucose is known to be re- 
leased from carbohydrates present in seeds 
during germination(14). This accounts for 
the high value of combined glucose in pres- 
ence of acetoacetate alone. 


Results in Tables II and III show that 
condensation of glucose with acetoacetate is 
much higher in presence of added thiamine 
and pantothenic acid and much less when 
their antivitamins are present in the media. 


Glucose - cyclo - acetoacetate 
HOTS PE 2 va Nie 


Summary. 
\ 1 | \ \ 


TABLEI. Effect of Glucose and Acetoacetate on Free and Combined Glucose Present in Phase- 
olus radiatus during Progress of Germination, 


Time in hr 


24 hr 48 hr 72 hr 
Substances in germinating Amt in = a. - Glucose, mg/100 seeds ee ae 
media mg/l0 ce Free Combined Free Combined Free Combined 
None 5 70 57 53 130 43 
Glucose 100 11 79 60 73 146 59 
Acetoacetate 70 2.5 117.5 3.5 180.5 5 108 
as and glucose 70 + 100 3.5 121 4 196 6.5 183.5 


546 


SYNTHESIS OF GLUCOSE-CyCLO-ACETOACETATE IN GERMINATION 


TABLE Il. Effect of Antivitamins on Combined Glucose in Germinating Mung Beans in Pres- 
ence of Glucose and Acetoacetate. 


Time in hr 


24 hr 48 hr 72 hr 
Substances and amt in mg/10 cee i =e Glucose, mg/100 seeds ~ = ae 
medium Free Combined Free Combined Free Combined 
Acetoacetate (70) + glucose (100) 3.5 126.5 12 178 20 156 
Idem + Pantoyltaurine (2) 3.1 97.9 8 132 11 122 
Acetoacetate (70) + glucose (100) | 135 13 164 25 200 
Idem + pyrithiamine (2) 3.5 130.5 12 157 20 195 


TABLE III. Effect of Added Vitamins on Combined Glucose in Germinating Mung Beans in 
Presence of Acetoacetate and Glucose. 


Time in hr 


24 hr 48 hr 72 hr 
Substances and amt in mg/10 ce - Glucose, mg/100 seeds ———————_ 
medium Free Combined Free Combined Free Combined 
None 7 67 47 59 125 43 
Acetoacetate (70) + glucose (100) 5 130 14 184 22.5 187 
Idem + thiamine (1) 4.5 161 5 223 7.5 201 
» + calcium pantothenate (1) 6.2 159 7 214 8.5 196 


(G.C.A.), a precursor of ascorbic acid in ger- 
minating legumes and which on _ hydrolysis 
gives rise to a reducing dienol glucose, is 
formed during germination from glucose and 
acetoacetate. Thiamine and pantothenic acid 
accelerated biosynthesis of GCA and _ their 
antivitamins depressed such synthesis. GCA 
has thus been shown to be an intermediary 
product towards biosynthesis of ascorbic acid 
during germination of legumes. 
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